
THE GEOLOGY, MINERALOGY, AND PAHAGENESIS OF THE 

CASTRDVIRHSYNA LEAD-ZINC-SILVER DEPOSITS, PERU

By Richard Wheatley Lewis, Jr.

U. S. Geologic-1 Survey
OPEN FIL3 HZfOR?

This report is preliminary and ha_ 
not been edited or reviewed for 
confcrmity with Geolosical Survey 
standards or nomenclature.



ABSTRACT

The Castrovirroyna mining district lies in the Andean Cordillera 

of South Central ?aru, and has been worked sporadically since its 

discovery in 1591. Supervene silver ores vere first mined. Currently 

the district produces about 20,000 tons of laad*sinc ore and 50OO tons 

of silver ore annually*

The district: Is underlain by Tertiary andesitlc rocks interbedded 

with basalts and intruded by small bodies of quartz latite porphyry* 

The terrane reflects recent glaciatloa and is largely covered by glacial 

debris.

The ore deposits are steeply dipping veins that strike H« 60° 2. 

to 3. 50° E., and average 60 centimeter a vide and 300 aeters long* The 

principal veins are grouped around three centers, lying 5 kilometers 

apart along a line striking 8. 55° 2. They are, front east to vest: 

San Gaanro, Caudslosa, and la Virreyna. A less liaportant set of veins, 

sinilarly aligned, lies 2 kilometers to the north* Host of the veins 

vere vorkad to dapths of about 30 act or a, the limit of super gene enrich* 

meat; but in the larger veins hypogene ores have been vorkad to depths 

over 150 meters.

Galena, sphalerite, chalcopyrite, and tetrahedrite are eooaon to 

all veins, but arts noot abundant in the vestermaost veins at la Virreyna* 

In tha center of the district, around Caudalosa, lead sulfantiiaonldas 

are the commonest oro minerals, and at the eastern end, around San 

Gcnaro and Astohunrac^, silvor sulfosalts predominate*
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Supervene enrichment of silver is found at shallow depths in all 

deposits. Silver at San Genaro, however, was concentrated towards the 

surface by migration along hypogene physico-chemical gradients in tiao 

and space, as vein material vas rovorkcd by nineralizing fluids*

The pattern of vallrock alteration throughout the district grades 

from silicification and scricitization adjacent to the veins, through 

argillization and propy lit izat ion, to widespread chlorit izat ion farther 

away.

Mineralization can be divided into three stages:

1) Preparatory stage, characterised by silicificatioa and 

pyritization;

2) Depoaitional stage, characterized by the deposition of base* 

rests! sulfides; and

3) Reworking stage, characterized by the formation of lead aulfan* 

tlraonidca from galena at Caudalosa, and the deposition of silver sulfide 

and sulfosalts at San Genaro*

Maslnajn tcoporaturaa, indicated by tha wurtaite-sphalerita, 

famtlnite-enargite and chalcopyrlte«sphalerita asaetnblagas, did not 

exceed 350° C. The low iron content of sphalerite suggests that most 

of the basc^oatal su If idea vere deposited below 250° C. The colloidal 

habits of pyrite and quartz in the preparatory and reworking stages 

imply relatively low tcopcratares of deposition, probably fcetvscn 50° 

sad 100° C.

Mineralisation voa shallow and pressures ranged from 17 atnospncres 

in the silver deposits to over 45 atnosphorea in the lead eulfeatlnonida 

deposits.



Mineralisation at Castrovirreyna represents an open chenical 

system in which mineralizing fluids constantly modified the depositions! 

environment while they themselves underwent modification. The deposits 

foraed under nonequilibrium conditions from fluids containing conplex 

iona and colloids* Reworking and migration along persistent physico- 

chemical gradients in tiiao and space, from a deep source to the vest 

concentrated base-octal sulfldes in the western half, laad-antimony 

minerals in the center, and silver-antimony minerals in the eastern 

part of the district» Silver, antimony, and btsnuth wera kept in 

solution as cooplex ions until lew tenpcraturc and pressure prevailed. 

They document in situ reworking by reacting with existing minerals.

Phyaico-cheaical gradients controlled the type of minerals 

deposited, whereas vein structure controlled the quantity deposited.

Vein fissures forncd by the equivalent of from east-west caapres- 

9ion during Andean orogenesis and mineralization probably caxre from 

the underlying Andean Batholith.
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IHTROOJCT10!! 

Purpose and Scope

The study of the Castrovirrcyna mining district was part of the 

systematic appraisal of the base-foetal resources of Peru carried out 

from 1947 to 1957 by the United States Geological Survey in collabora­ 

tion with the Institute Hacional de Xnveatigacion y Fomento Hineros of 

the Ministerio da Foneato y Obras Publicas of the Peruvian government, 

under the auspices of the program of technical cooperation (Point IV) 

of the United States Department of State. Ecaphaala was placed on ore 

genesis, as these deposits are typical of the shallow, low temperature, 

lead-tine-silver mineralization of the Andean Cordillera.

Field work was done intermittently from July to November, 1954, 

and for short periods from 1953 to 1957; field work totaled 20 weeks. 

Surface geology was mapped on aerial photographs with approximate 

scales of either 1:30,000 or 1:10,000, and compiled on a 1:25,000 

topographic base by Hasias (1929). Mine geology was mapped at a scale 

of 1:500 on maps provided by local mining companies or made with 

coopaas and tape by the author. About 27 kilometers of mine workings 

were mapped; the most important were compiled and ara included herein.

More than 400 samples of ore and rock were collected, and 50 

polished sections and AO thin sections prepared. About 200 X-ray 

powder diffraction photographs were taken and 80 sealquantltative 

 P^ctrographic analyses made.
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Previous Work

Previous reports on this area are generalized economic studies and 

contain little geologic data, the earliest geologic report (Ralxaondi, 

1373) described the general geology, mineralogy, and mining activity of 

the district, the first geologic nap of the area uas published by 

Hasias (1929). More recently, tha author published a preliminary report 

on this area (Lewis, 1956).
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I. GEOGRAPHY 

A. Location

The saining district of Caatrovirreyna ia in south central Peru in 

the Provincia da Caatrovirreyna, Departataento da Huancavelica, at approx­ 

imately latitude IBIS'S, and lonsitude 75°00'W. Although only 100 kilo- 

metera airline froa the Pacific Coast (see Figure 1), the district lies 

on the continental divide.

The mineralized area forma a belt 16 kilotaetera long and 3 kilo­ 

meters vide that runs along the north shores of the lakes, Laguna 

Orcococha and Laguna San Francisco. It ia bounded on the vest by Laguna 

Pacococha and on the east by Laguna Choclococha. The town of Caatro­ 

virreyna (population: 2000) ia 10 kilometers south of Laguna Pacococha, 

and 60 kilorastera southveat of Huancavelica, a railhead served from 

central Peru.
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B. Accaas

The district is accessible from Pisco, a port on the Pacific Coast, 

over 175 kilometers of good all-weather dirt road, and from Huancavelica, 

over SO kilooatera of good all-weather dirt road. The principal mines 

in the Castrovirreyna district are accessible by road from the Pisco* 

Huancavelica road, which passes along the southern edge of the district.
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C. Rellaf and Topography

The altitudes of the region range from 4300 to 5250 meters. The 

areas of greatest relief are along the continental divide, on the western 

and northern tides of the district* where differences in elevation range 

from 100 to 300 meters and slopes are 20 to 60 degrees or more. Else* 

where topography is more subdued; relief rangea from 1 to 5 meters on 

upland plains, and 50 to 150 meters in hilly areas.

The topography of the area shova the effects of alpine g la elation 

of flat-lying volcanic rocka. Slopes are ateep and may have step like 

profiles, in most places terminating in rugged peaka or sheer cliffs* 

Valleys are deep and characteristically U-shaped. Upland plains, or 

pampas, are maaeroua but usually small in extent, and are dotted with 

small, shallow seasonal lakes.

Laguna Orcococha and Laguna Choclococha, two large perennial glacial 

lakes 8.5 to 9 kilometers long, dominate the area (see Figure 1 and 

Plate 2). Laguna Orcococha drains into Laguna Choclococha, which lies 

2.5 kilometers east and 125 meters lover. The overflow of these lakes 

belongs to the Atlantic watershed but has been diverted for irrigation 

of the lea valley, 75 kilometers southwest. The area contains several 

 oaHer lakes, 750 to 2000 meters in diameter. The most Important of 

these sre Laguna La Virreyna and Laguna Pacococha, which supply water 

for irrigation of tho Pisco valley.
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0. Climate and Vegetation

Because of the high altitude, the climate of the region ia cool aod 

temperate in spite of its proximity to the equator. Temperatures range 

from about ~4°  to 20°C. The year is divided into tvo seasons: a dry, 

cold winter from Hay to October and a cool, snovy summer from November 

to April. During winter, the days are pleasant and very clear, but 

temperatures drop to below freezing at night* taring suoner, hail or 

snov usually falls every afternoon, but seldom accumulates to any extant 

because of rapid melting and sublimation during the sunny mornings. 

Permanent ice and snow are encountered only above 5100 meters altitude.

the cool climate and high altitude restrict vegetation to a sparse

covering of bunch grass on flat areas end less precipitous slopes, occa-
/

sional recumbent bushes in the shelter of rocks and gullies, and thick 

muskeg-type mosses in poorly drained depressions and valley bottoms. 

There are no treea, and agricultural activity is limited to herding 

sheep, and the hardy alpaca and llama. The area is only sparsely 

inhabited.
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IX. REGIONAL GEOLOGY

Aridasite flows and flow breccias of the Castrovirreyna district are 

part of tha extensive fields of Lota Tertiary volcanic rocks that cover 

most of the mountainous region of southern Peru (see Plata I). These 

rocks underlie about 60 percent of the district (see Plate 2)* They are 

interbedded with irregular beds and lenses of rhyodacitic to andesitic 

pyroc La atic rocks. The thickness of these volcanic rocks around Castro* 

virreyna is at least 1200 meters, by extrapolation from the highest peaks 

down to the altitude of the exposed contact vith the underlying Andean 

batholith.

These rocks are generally tilted slightly to the south, but eoraaonly 

show small local variations in attitude. A prominent faulted and tightly 

folded northwestward trending anticline lies 10 kilometers northeast of 

the district (see Figure I).

Several bodies of andesitic glass or vitrophyre, sotae of which 

probably mark fonacr volcanic vents, vere recognized. Small intrusions 

of quartz latlta porphyry crop out sparsely throughout the northern half 

of the district.

Unconsolidatcd glacial fill and glacial outwash deposits cover about 

20 percent of the ar&a.
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A. Extrusive Rocks

1. Andesita

About 45 percent of tha rock* of the region consist of andesite 

lava*. Individual flowa are 3 to SO meters thick and are fairly uniform 

in appearance and texture. Hegascopicaily, they are fine-grained and 

porphyritic, and are greenish black to dark reddish brown, when fresh. 

In mineralized areaa these audesitea are greenish gray to white, 

according to the intensity of alteration.

In thin section, the andeaitea consist of: (1) one or two genera­ 

tions of labradorite phanocrysts, (2) occasional phenocrysta of ferro- 

Bsgnesian minerals, and (3) a matrix of plagioclase microlltes with 

Interstitial glass, specks of iron ore, rare pyroxene grains, some 

ilacnite, and small apatite crystals. The overall texture ia porphyri­ 

tic with phenocrysts tending to group together gloraeroporphyritically.

Textures of the groundraasa range from vitrophyric, in vhich svarras 

of tiny semiparallel crystallites and microlitea are scattered through 

a matrix of glass, to pilotaxitic, in vhich small feldspar microlitea 

*re packed so tightly that no glass reoains. The most cocraon texture 

la hyalopilitic, in vhich a felt of small feldspar mtcrolitea ia suspended 

In   glass matrix. Intersartal textures, in vhich larger laths of feld­ 

spar I!,, at raftdoQ in a cesostasis of glass and augite grains, vere also 

observed.

The araount of glass ranges froa 5 to 35 percent of the rock and

about 25 percent. Ptumocrysts coop rifle 10 to 50 percent of tha 

c and average about 30 percent. They fall into two sizus groups, one 

lorite latha 0.25 to 1.0 millicKsters long, and tha other of lab- 

and farror^agaeflian crystals 2 to 5 milllaietara long.
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The average cocopoaltion of the larger labradorite phenocryata ia

Zoning is pronounced and la nortasl or normal-oscillatory; corea 

aay be aa calcic aa Ang5§ whereas rims average An^ In composition. Tha 

smaller phenocryats ara also zoned and are similar in composition to the 

larger ones or slightly more aodic <An^Q). Tha pLagioclase microlitea 

range froa An^Q to An^ in coapoaitlon and average An^5 . In unaltered 

rocka, pLagioclase ia occasionally flecked with clay, sericite,and cal- 

cita, and slightly albitlsad in snail patches. Many phenocrysts have 

spongy centers or riaa, filled with the glass of the matrix, indicating 

either very rapid growth or partial rcoo Iting.

Augita ia the most cosxaon farroasgnesian mineral, comprising 5 to 

10 percent of the33 rocka. Froa 2 to 5 percent biotite, and up to 3 per* 

cent hornblende were also noted. Where preserved, augite and hornblende 

crystals are surrounded by halo a of iron-rich carbonate, and iron oxidss 

and hydroxides. Biotite is alightly bleached. Ferrooagneatan minerals

 re seldom preserved, however, even in the freshest rocks, and are 

usually represented by heterogeneous, fine-grained masses of calcite, 

bcvlingite, chlorlte, epidote, finely divided anatasa. iron-rich carbon-

 to, and iron oxides and hydroxides.

Matrix glass is devitrified or hydrated to a material resembling

Devitrification is irregular in both intensity and character, 

its products includa quartz, albite, and chalcedony. Theso minerals 

fona saicro-or cryptocryatallina aggregates showing nottied extinction 

crossed nicols, or monomineralic mosaics and aggregates of fine

fibers.

calcic nsturo of the plagioclasa classify thesa rocks as calcic 

iQbra*.!orita andcsitas. Tha abundance of glass In tha matrix, tha
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textures, the scarcity of ferrooagnesian minerals, the low amount of 

Iron ore In the groundmass, and the complete absence of ollvlne preclude 

the classification of these rocks as baoalta.

2. Andegltic Vl'trophyres atid Class

Four occurrences of andasitic vltrophyre and glass were noted in the 

district (see Plate 2)* The largest, a spine of vitrophyre, forms the 

core of a volcanic neck called Cerro Quaspijahuar on the west shore of 

Laguna Choclococha (see Figures 2 and 3). This neck is about 600 meters 

in diaoeter and Is surrounded by an irregular belt of andesite vent 

breccia 375 to 1500 casters vide and scattered lenses of andssitlc pyro- 

clastlc rock.

A saall lens of a rule aide glass was observed with rbyodacitic tuffs
/

south of Laguna Orcococha; the two other leases were seen incelcated vith 

andealtlc pyroclastlc rocks north of Laguna Choclococha.

the andesitic vitrophyre is dark brown to black, whereas the ancle a i- 

tic glasses are dark green, and cooaoniy show spherulitic texture.

In thin section, the vitrophyre consists of 10 to 40 percent of 

plagioclasa mlcrolltes, sat in glass flecked vith tiny skeletal crystals 

«nd grains of opaque minerals* The andesitic glass, on the other hand, 

contains no microlltcs, few opaque grains, and less than one percent 

crystallites.

3. Andes 1 te Flow Brecc lag

flow breccias couprlsa cbout 5 to 10 percent of the rocks 

the region. They arc unequally distributed throughout the volcanic 

and ara found in beds and lenses 2 to 5 asters thick, intor- 

irregularly vlth unbracciated i&va. Tliay cooncnly contain lcn3C3 

end lar^e raasscs of unbraccl/itcd andcaita, and contacts beCvcon tha breccia
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 I

Figure 2. View of Cerro Quespijahuar, a volcanic neck, from east 
ahore of Laguna Choclococha. Rote the rocky apin* of 
andeaita vitrophyre. vhlch riaea above the surrounding 
terrain.

Figure 3. View of Santa tn£a froci the south, vlth Cerro
Quaspijahtiar in tho background. The end moraine 
vhich daun tho east end of Lacuna Orcococha, the 
ruing of en old mine, and the present hydroelectric 
plant penstock, lie behind the caop.
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and the ordinary lavas are uneven and at places gradational. These 

breccias are best developed vest of the Caudalosa mine and in the cliffa 

above the La Virreyna area. They were not napped aa a separate unit but 

are included with andesite lavas (see Plate 2).

The flow breccias are coopoaed of fragments of andesite 1 to 100 

centimeters la diaxratar in a taatrix of andesita lava, which, in some 

localities* contains saall asaounts of pyroelostic material. They show 

no bedding or lineation. Some sorting is evident, however, as the 

fragments at any one locale tend to be roughly the saaa size. The 

aatrix, which cooprissa from 30 to 70 percent of these rocks» is lava t 

similar in texture and composition to the fragaents, but different in 

color, often strikingly so. These breccias are generally more intensely 

altered than the andesite lavas, because of possible volatile activity 

during brecelation and cooling, or more intense weathering due to higher 

pcrtaaability, or both.

The origin of these breccias is problematical. The lack of strati­ 

fication, the absanea or low percentage of identifiable pyroclaatic 

Material, the absence of glass, the angularity of the fragaents, and an 

igneous matrix similar to the fragments indicate an igneous rather than 

pyroclastic origin. Fragmentation could hava been caused by autobrecela­ 

tion either during extrusive flow or while in the volcanic conduit prior 

to extrusion. Their irregularity, thinness, and intercalation with 

wassive lava surest, however, that they were fonaed by fracturing of 

hardened flow surfaces and subsequent incorporation of fragnanta by the 

 till fluid cores of flows during uaovcsncnt. 

**   An.! * q 11a Vent Bracciaa

Tliick, irra^ular lenaca of aadeaita breccia flanlc the known volcanic
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vants, associated with lavas and py roc la a tic rocka. The raoat conspicuous 

occurrence la a belt 2CO to 300 sac t era vide on the western and southern 

flanks of the volcanic vent, Corro Quespijahuar (see Plato 2). W. A* Lyons 

(oral caaaainicatioa, 1961) reported stnilnr breccias within the San Cenaro 

nine that crosscut flat-lying volcanics with apparent intrusive relation­ 

ship oa the north and vest flanks of a suspected volcanic vent at Cerro 

Quasplsisa*

these breccias are similar In appearance, composition , and texture 

Co the flow breccias, bat are classified as vent breccias because of their 

association with volcanic vents and croascutting relations to bedded 

volcanic rocks.

S. Basalt

Olivirve-frea basalts (tholaiites) are interbedded with andeaite flows 

and breccias and Intrude them In dikes and sill-liluj bodies. TAGS a rocka, 

tfclch probably comprise about 5 percent of tha total, were not mapped as 

« separate unit, but are Included with the andesite flow rocka (see 

Plata 2), because in the field they were generally Indistinguishable from

In contrast to the andesites, the p La gio class of these basalts is 

 ore calcic and saora abundant; the groundsums contains aorc iron ora, has 

little ox- no glass but more pyroxene and larger feldspar laths; textures

later granular to pilots::! tic with a strong tendaacy for phepocryats 

cluster.

?heaocrysta In tha basalts range In length froo 1 to 5 millimeters 

up 10 to 30 percent of the rock. Hoct of the phenocrysta are 

a, averaging An^ In cooposition. Fhenocrysta of ferrooe^nealan 

t^ra cotxxra, but have been altered to ags^e£Qtas of chloritc.,
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calcite, bovlingite, epidote, halioyslte (?), finely divided anataae, and 

iron oxidea and hydroxides, aemaanta of augita ara also present. Tba 

groundnasa consists of labradorite (^55) latha, 0.2 to 0.3 nillineter 

long, set in a taesoataaia of tiny augita grains, iron oxides, and aaall 

amounts of glass. Moat plagioclaaa in phenocryata and groundzaeaa ia 

fresh, although it aay be flecked vith clay; partly albitized; or locally 

replaced by sericita, epidote, and chlorite.

The glass of the groundnasa ia cocoonly concentrated in aoall glob­ 

ules and clouded vith tiny opaque par tic lea, probably of an iron mineral. 

It ia alwaya altered either to pa la goo it e which, in turn, aay be enveloped 

by fibroua celadonite, or it ia altered to fine-grained aggregates of 

chlorite, albite, iron-rich carbonate, iron oxidea and hydroxidea, and 

clay minerals of the kaolin group.
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B. Pyroclaatic Rocks

1. Andesitic Pyroclastic Rocks

Pyroclastic rocks are found throughout the district but are taost 

abundant in the northeast and along the southern edge (see Plate 2). 

They grade from fine tuff, in which most particles are smaller than 

0.25 millimeter, to tuff breccia with particles averaging 50 to 100 

ailliraaters. Vitric tuffs or lopilli tuffs comprise more than 70 

percent of these rocks, and are composed of ash and cinders vhich range 

in size from 0.5 to 10 millimeters. Interbedded with the Pyroclastic 

rocks are a few water-La id tuffs that grade into tuffs of nonaqueous 

origin.

The coarse-grained fractions, vhich include lapill1, fragments of 

andesite lava or py roc la a tic rock, and crystal fragments, are set in a 

matrix of compacted glass shards. Crystal fragaonts include plagioclase, 

bio tit a and altered ferrooagnesian minerals, magnetite, and quarts, the 

composition of the plagioclasa ranges from An2Q to An^Q, and averages 

An50 . All ferromagneslan minerals, except occasional biotlte flakes, 

have been altered to aggregates of chiorite, iron oxides and hydroxides, 

and finely divided anatase. The form of soraa of the paeudooorphs is 

 uggestive of hornblende. Quarts is rare and is associated with the 

wire sodic pla«ioclases, Glass is saldoa preserved, and devitrification 

or alteration products are cryptocrystalling, granular, spharulitic, or 

oven fibrous. Ghosts of fonaer shards are visible where the devitrifica­ 

tion or alteration has not been too intense. Refractive indices of the 

ftlaas shards in the freshest material available, collected Just north of 

l*Suna Choclococha, range froa 1.490 to 1.575. Partial devitrification 

or hyJratlon, rather than wlda differences In original composition,
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probably cauaed thia variation (George, 1924),

Pyroclastic rocks are white, gray, brownish gray, pink, and red and 

coraaonly porphyrltic. Lapllli tuffa show good 1location duo to flatten* 

ing of tapilli and shards, and all of the pyroclastlc rocka have been at 

least partly welded. The oore highly indurated tuffs may be igniabrites.

In the northeastern part of the diatrict (see Plata 2), these rocka 

attain an aggregate thickness of at least 200 rasters, and individual beds, 

1 to 40 tasters thick, extend over several tana of square kilometers. The 

two taost extensive units of pyroclaatic rocka crop out between the 

Caudalosa and San Genarb aine* (sec Plate 2). Each unit is 10 to 140 

me tar a thick and they are separated by 200 meters of lavas, they con* 

slat of interbedded tuffs and tuff-breccias and the lover part of each 

unit includes 10 to 30 meters of medium-grained vater-Laid tuff.

Tuff breccias occur only locally in beds 10 to 30 meters thick 

intercalated with both tuffs and andesite flows.

Fine tuffs are found sporadically throughout the district in snail 

lenses, 1 to 3 meters thick and 20 to 50 rasters in dteeter, and in thin 

beds of United a real extent. The small uniform grain size suggests 

that these tuffs were deposited by vind in snail depressions or as dunes.

The water-la id tuffs form beds 10 to 30 meters thick; they are 

usually red and exhibit graded bedding. They are co&poaed of altered

*sh and cinders, small amounts of plagioclasc and altered ferrocaagneaian 

minerals, and rarely quartz. Claatic grain* are subangular, have a

 ptiaricity of 0.6 to 0.8, and are cenentod by iron oxides and hydroxides, 

Iron-rich carIXKUXta, and a kaolin!tic cloy. 

2. Bftyo.lnct_tlci Pyroclaatic Rocks 

In the north and south-central parts of tho Castrovlrroyna district
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ara two extensive outcrops of rhyodacltic pyroclastics (see Plate 2). 

These rocks eovar only a small part of. the area studied, but are 

cociaon In aijacant areas, especially to the south.

These rocka are light colored, usually gray, white, or yellow, 

similar in texture to the andasitic tuffs, but contain from 5 to 10 

percent quarts and frca 1 to 2 percent: orthoclaae fragments.

the aouthanuaost and largest outcrop lies just south of l^guna 

Orcococha, covering andesitic pyroclastics and lava. It consists of 

irregular lenses and beds of fine-grained vitrlc rbyodacitic tuff.

The northern outcrop'of rhyodacitic tuff lies Just north of the 

San Cenaro mine and is a relatively massive body of lithic tuff.
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C.

1. '^ijirgjs t*atite Porphyry

Numerous, small bodies o£ light -green quartz latite porphyry 

intruda the aruldsite flows la tha northern part of the district (sac 

Plate 2). tha largest of these, an irre&ular body about 350 outers 

long by 250 aetgra vide, lisa just south of La Griega mine* A discon­ 

tinuous arcuate line of quartz latite dikes on the south side of the 

valley, Quebraxia Calls joa Granda, naar the Bonanza mine, appears to be 

outcrops of a single diba 2.5 kilometers long that strikes about 

8. 60° E, HtsaerQus intrusions of quarta latite, 10 to 50 rasters in 

diameter, crop out near the San Jullfin portal of the San Genaro mine.

This rock consists of phenocrysts of Labrador ite and sparse augita 

in a granular grouxukass of Labrador ita, orthoclase, quiirt-, and finely 

divided opgque minerals. Phenocrysts cocoprisa about 30 percent of the 

rock and ran&e in aiza froo 1 to 5 mllliaetors. The average composition 

is 52 percent labradorita, 25 percent orthoclase, 10 percent quarts* and 

10 percent ferrotoagn&sian ainerals. Accessory Kino ra Is include clear 

apatite and rarely zircon. The labradorita is flecked with clcy and 

replaced by calcite, apidota, opaline silica, and elbitc along cracks 

and tlie edges of grains. Orthoclase 13 heavily coated with clay minerals. 

3h& groundoaaa is goiicir^lly iuprcgnatad with chlorite and cpidote. Ferro- 

Kiagiiasian minerals includa augite and biotite. >kj3t augitQ is altered to 

chlorite, calcite, epiJoto, raraly ircn oxides and hydroiddcs, and finely 

divided anatasa, Biotite ia slightly bleached or chloiriti^^d and in 

places rioaad with fias-^rainaJ assregates of aider! to, and iron oaldca 

cud
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2. Adaaell.ite

A single occurrence of calcic adaaailite (quartz taonzonite), 50 

oetsra in dlancter, vaa found in the canter of the quartz latite out­ 

crop at La Gricga* It was too soall to ba distinguished froa quartz 

latita on the geologic nap (sea Plata 2). The adaraellite is dark, 

oottied gray and is med lust-grained vith a hypldiooorphic equigranular 

taKtura. It is conpos^d of approxiioatdly 35 percent la bra dor its, 30 

percent quarts, 15 percent oicrocllne, 12 percent biotita, and 3 per­ 

cent coooon hornblende, plus minor siaoanta of magnetite, clear apatite 

zircon, dravlta, and schorllta. Slight denteric alteration has fonacd 

specks of kaolinitd and aontzoorillonite on oicroline, and partly 

converted biotlte to chlorita. Sciail aggregates of apidote develop 

along the edges of ferttxaagnesian tainerais.

The adaaeillte is interpreted as a coarse-grained equivalent of 

the quarts latite, even though differences in compositton are apparent
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0, Clactation

Glaelation during Pleistocene and Recant times has formed ardtes 

and serrate ridges, faceted spurs, cirques, deep U-shaped valleys, hang­ 

ing tributary valleys, a tap-like loag valley profiles, quarried surfaces, 

and striated outcrops. The larger lakes of the region were formed by 

morainai darning, and many of the smaller ones occupy cirques. Sooe of 

the small seasonal ponds in level areas occupy rock basins scoured by 

glaciers.

Glacial till deposits are abundant (sea Plate 2) and form ground, 

lateral, and end moraines'* Ground moraines are most extensive in the 

lover parts of wide valleys, where they are characterized by hunaocky, 

poorly drained terrain. Lateral moraines are generally poorly preserved 

and are found only along the sides of the larger valleys* Sad moraines 

are developed near valley mouths, and tha accumulated glacial material 

is more than 50 meters thick in SOOG instances. The larger valleys have 

three to four end moraines.

The lover linit of glaciation in the region is at 3900 maters eleva­ 

tion, and is marked. Just above the tovn of Caatrovizreyna, by a large 

terminal moraine, on abrupt change in valley profile from II-to 7-shapad, 

a sharp steepening in the long-valley profile. A few soall ice and

t snow caps still exist northeast of the area, near the continen­ 

tal divide, above 5100 maters elevation.

Glacial debris, consisting of rounded and subrounded boulders, 

cobbles, and pebbles of an do a! tic volcanic rock in a matrix of sand and 

rock flour, is poorly sorted, unconaoliJ^ted, and shows little or no 

 tgn of wcatharing.



- 22 * 

B. Regional Structure

Deformation of the rocka of the district during the uplift and 

compression of the Andean Cordillera in late tertiary time Is minimal 

and resulting structures are rather simple. Ibis defonaation is 

recorded in two vays: 1) by folding and accompanying tilting, and 

2) by faulting.

1. Folding and Tilting

the dominant structure of the region is a simple tightly folded 

antic lino, about 10 kilometers northeast of the district (see Figure 1). 

this anticline trends H. 45° W. and can be traced for more than 60 kilo-
i

aetors.

Within the Castrovirreyna district the rocks have gentle dips, 3° 

to 20°. Locally they tend to conform to surface features of the original 

volcanic terrain, and dip away frons topographic highs which represent 

original volcanic vents. In general, all rocks are slightly tilted to 

the south.

2. Faulting

the only major fault noted in the region is % high angle fault 

trending N. 45° W. along the axial plane of the anticline (see Figure 1). 

Apparent vertical displaceocrt along this fault is about 400 netera with 

northeast block lifted up.

All minor faults in the district can theoretically be related to the 

stresses that caused the folding and faulting of the anticline, 

Although no direct evidence of this was found. Faults generally dip at 

angles and hav« snail displacenxmts. throe periods of faulting wcra 

sed; pro-aincral, conteoporanaoua with minerali&ation, and poat- 

Pre-uinoral faulting forraad the vein fissures. Faulting during
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mineralization reopened certain veina by shear or tension, permitting 

the deposition of new vein material and its accumulation at offset 

flexures. Post-mineral faults are rare, and cut veins at high angles 

with small displacement.

For further details on faulting, see the section on Structural 

Features of the Ore Deposits..
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III, HINE3AL DEPOSITS OF TOE R£CIOH 

A. History

Many colorful legends about the Castrovirreyna silver mines exist* 

Unfortunately, few substantiated facts and no production records, except 

for recent years, are available. Old reports, abandoned camps and roads, 

and more than 200 mine workings indicate an intense, yet sporadic, 

exploitation of silver bonanzas in the past. Eight mines were operating 

in 1957, but only San Genaro was producing silver as its major metal, 

the others were producing lead and zinc. For location and identifica­ 

tion of mines and veins, see Plate 3.

The Castrovirreyna deposits were discovered at the end of the 16th 

century (Monteainos, 1591). During the first half of the 17th century, 

the aines produced about 92,000 kiiograzis of silver par year, and were 

considered among the richest silver deposits in South Azaerlca, ranking 

with Potosi and Oruro, in Bolivia, and Pasco (Cerro de Pasco) and NUGVO 

Potosl (Morococha), in Peru (Masias, 1929). Host of this mining activity 

fas centered around the Cerro Reliquias area, la the western part of that 

Castrovirreyna district. Silver production declined rapidly upon 

exhaustion of easily accessible ore, and from about 1670 to 1770 mining

 ctivity was negligible.

The advent of the Cornish pump and new sraelting techniques at tha 

«nd of tha eighteenth century permitted the exploitation of deeper silver 

deposits. Between 1769 and 1852 interest in the district was revived and

 avoral economic studies wore made @totiroy, 1769; Vives de Schevarria, 

1612; Kaneti, 1^45). In the early nineteenth century, law suits, epideu- 

ics, lack of easily accessible ore, and water problems nullified attempts 

to revitalize ths district (Crosnier, 1652). In the eastern part of tho
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district, however, at th* Astohuaraca, Quespislsa, and San Julian mines, 

where sliver sulfide ore continued In depth, successful operations 

recommenced about 1340.

Following the Installation of pumps, the Astohuaraca mine was 

worked sporadically throughout most of the nineteenth century, but lack 

of fuel, Improper machinery, water at depth, and lack of ore caused 

complete cessation of operations around 1900.

The San Jullfin and Quespisisa veins were reopened about 1360 by 

Don Carlos Reynaldo PflCfcker. Several sizeable ore shoots In both veins 

were discovered. The most famous of these, La Boya de la Cruz In the 

Quespislsa vein, yielded 3,000,000 ounces of silver (Haslas, 1929). The 

San Julian and Quesplslsa mine a, now called the San Genaro mine, were

 old in 1920 to Don Totals Marsano who formed the Compania Hinera de 

Santa Inda y Horococha, Installing a hydroelectric plant at Santa Ings 

and replacing the two concentrating plants at Santa In£s and San Julldn 

by a new plant near the main entrance of the Quesplsisa mine. In 1945, 

the mine was leased to Leon Ro son shine and Associates who formed the 

presant Castrovirreyna Metal Mines Con^any,

PflUckar's success at the San Genaro reawakened Interest elsewhere 

in the district, and around 1S70 mining was resumed at the Caudalosa, la 

'Irrayna, and Osrro Reliquias areas, largely by the Picasso fatally, who

 l«o installed a mill and a crude saslter below the town of Castrovirreyua. 

cala aining operations were carried out at Caudalosa by the Picasso 

until about 1927, whan the mine was leased to Don Agustin Arias

vho had been operating mines In the nearby Bonanza area, 

hold this leas2 for about 5 years, during which tla© he built a 

concantratinjj plant and drove more than 5 kilometers of workings.
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Jtoon termination of the lease, the Picasso family again assumed adminis­ 

tration of the mina and formed the present Corporacidn Hinera Castro* 

virreyna. The Caudalosa mine has become the major lead and sine producer 

of the region.

Although the La Virreyna and Cerro Reliquias areas had been the 

major producers of the district in early colonial timea, interest in 

these areas was only sporadic throughout the latter part of the nine* 

teenth century and the early part of the twentieth century. Several 

small yet determined efforts to open up old mines in the 1920*a and 

1930*s lead the Banco Kinero del Pert} to install a 60-ton-per-day custom 

concentrating mill at Pacococha in 1945. Although the production of die 

araa is still modest, its potential is being explored. Active mines in 

the La Virreyna area include Canaan, owned and operated by the Francisco

family, and Lira owned by Dante Castagnola. In the Cerro Reliquias 

area the Corporaci6n Hinera Castrovirreyna is operating the Santa 

Taresita and Matilde mines.

For the production records of the four principal mines of the 

district (Carmen, Caudalosa, Lira, and San Genaro) see Appendix IX.
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B. General Features

The ore deposits of the region arts veins that dip steeply, usually 

to tha south, and range in strike from H, 60° K. to 3. 50° K. the veins 

are 25 to 2000 asters long, averaging about 300 meters, and 10 to 300 

centimeters wide, averaging about 60 centimeters. Most deposits have 

been worked to depths of only 25 to 30 meters, the limit of super gene 

enrichment; but many of the larger veins have been developed to depths 

of 150 neters or more*

The majority of these veins, including the moot productive, are 

grouped around three centera, spaced about 5 kilometers apart and having 

an alignocnt that strikes H. 55° E. (see ?latea 2 and 3). these minerali­ 

sed centers are, from east to vest, Bapida and San Genaro, Madona and 

Caudalosa, and Cerro Ealiquias and La Virreyna* Another group of less 

important deposits similarly aligned lies 2 kilometers to the north* 

these include, from east to nest, Aatohoaraca, la Griega, Sorococha, 

taperto t Bonanza, Seguridad, and Yahuarcocha. The western half of the 

area contains a few scattered, weakly mineralized veins, vhich do not 

fit into these ailgocraits.

Mineralization is typical of the upper mesothennal to epifchermal

 ineral deposits. Calerji, sphalerite, tetrahedrita, and chalcopyrite

 ra ctxiioa throughout the district. Around the Caudaloaa mine, antisxmian 

minerals era abundant, and the veins are characterized by lead antimonides,

 tibnita, «nd copper sulfoaalts. In the eastern section of the district,

 round the San Ceaoro oina, mineralisation is typical of the bonanza*type

deposits, and veins are characterized by abundant silver 

daa, especially near tha surface* the deposits of tho Castro* 

yivji district probably forued at relatively shallow depths, 50 to
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350 meters; low pressures, 15 to 45 atmospheres; and low temperatures, 

100° to 350°C.

The mineralization originated from a single source, probably 

related to the Andean batholith, and took place during one prolonged 

period, which can be divided into three stages. In the first or prepara­ 

tory stage, initial mineralizing fluids conditioned fault and breccia 

zones for subsequent mineral deposition, by alteration of wallrock and 

removal of finely triturated material. The deposition of quartz and 

small amounts of pyrite characterize this stage* In the second or 

depositions 1 stage, the bulk of the vein-forming minerals was deposited. 

During the final or reworking stage, many minerals were redistributed 

or reacted with antioony-rich mineralizing fluids forming abundant lead 

and silver antiaonides and producing silver enrichment towards the 

surface.

Moat of the veins of this district were mineralized by replacement 

and removal of triturated material in faults and fault zones. The veins

 t San Genaro, however, were formed ia open fissures. The fracture

 yateta that provided mineral deposition sites was probably formed by the

 ame tectonic forces that folded and faulted the rocks northeast of the 

district (see figure 1).

The chemistry of mineralization controlled the character and, to 

sooe degree, the concentration of ore minerals. The near-surface con­ 

centration of silver was caused by supergene and hypogene processes;

 &<* extrenaly rich, surficial silver ores common to the district wera 

dcposited by descending supergena solutions, whereas the increase in

 ilver and antimony upon approaching the surface at the San Genaro mine 

cauacd by aseanding hypo^ena solutions. Supergene enriched ores
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extend to 30 tasters depth. the hypogene enriched ores are found from 

23 to 130 meters below the surface.

Ore shoots reflect the physical environment of deposition and are 

generally at flexures, where brecciation of the vallrock vaa moat 

intense or where open fissures were widest after offset. Ore shoot a 

range from 1 to 3 meters vide, 15 to 300 meters long, and 20 to 100

 eters high.

Alteration of the waiirock follows the same pattern throughout the 

district, and reflects the intensity rather than the stage or type of 

mineralization. Within or inracd lately adjacent to vein structures,

 Iiiclfication and sericitlsation are predominant. Proceeding outward 

cross the veins a narrow zone of argillizatlon is first crossed, then a 

vide sone of propylitization, and finally a cone of wide-spread chlori- 

tiution.
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C. Mineralogy

i. General

The mineralogy of the veins of the Caatrovirreyna district is 

ccxnplex, but can be divided into several groups on the basis of genesis 

and distribution. Tab la I la a tabular resuod of the vein-forming 

minerals identified in tha Castrovlrreyna district, arranged both by 

genesis and geographic distribution. Individual mineral descriptions 

following this tabla are arranged according to Dsna'a system* for 

location of tninea referred to in these descriptions, see Plate 3.

Identification of all of the sulfoaalt* and many of the oxides 

and sulfates was mode by X-ray powder diffraction methods. For X-ray 

and spectrographic data on rasny of these minerals, see Appendices IV 

and V.

For photographs illustrating raany of the mineral habits and 

relationships aentioaad, aes the sections on the Sature of the veina
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Table I: Distribution of veia-gornlnr ninerala of the Castrovirreyrui

mining district

DEPOSITS

Base-eta tal 
dcpoaitfl

Lead-aatirsotiy 
deposits ___

Silver -ontincmy 
depoaita

Lira mine 
Canaen mine 
Santa Tercalta nine 
Matilda mine 
Bonanza mine 
Hdplda mine 
La Criega

tains
oina 

Rxipcrto oiina

Son Genaro oina 
Astohuaraca mina

SECCMDARY M1NERAX&

and Leaehinn.

Azurite 
Caleite 
Ceruaalte
Malachite
Chalcanthita
Gyp (rum
Melantorita
Quartz
Llaonlta

Antlr»ny oxides
Azurite
Calcits
Cerusaite
Itolnchite
Chalcanthite
Gypsum
Joroslta
Helantarite
Posanita
Quarts
LiiaonitQ
V'ad

Azurite
Caleite
Ceru33itG
Malachite
Chalcanthite
Gypsun
Quarts

Wad

Silver * 
Acanthlta *

Calena
Harcasite 
Sphalerite

Supervene Minoralg

Silver *
Acanthitc *
Chalcoclte
Covallits

Karcaalta 
Sphalerite 
Hlargyrita 
Fyrargyrita

Silver
Acanthifce
Chalcocita
Ccr/olllta
Galena
Miargyrite
Polybcslta

Cerargyrlta
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Tabla I   continued

PRIHARY MINERALS

Base -metal 
deposits

Gold
Chalcopyrite
Galena
Pyrita
Sphalerite
Tatrahedrtte
Heoacita
Calcite
Shodochroaite
Barite
Xaolinita
Hon&aorillonite
Quarts
Sericita

Lead-ant irony 
deposits

Gold
Chalcopyrite
Galena
Orp intent
Pyrite
Realgar
Sphalerita
Stibntta
Uurtzita
Bournonite
Chalcoetibite
Enargite
Famatinita
Gcocronits
Seasayite
Zinkanita
HomaCitQ
Hhodochroa i te
Barita
Gypsum
I<-aoiinito
Hon tmor i 1 loni te
Quartz
Serlcite

Silver«antifiK>ny 
deposits

Cold
Acanthita
Chalcopyrite
Galena
Pyrite
Sphalerite
Stibnite
Wurtzita *
Arcmayoito
Bournonite
Hiargyrite
Pearceita
Polybaaite
Pyrargyrite
Hcoatita
Shodochroaite
Sidarita
Barite
Allophana
Dickite *
Hyalophans
Kaollaita
Montnorlllonite
Quartz
Sericita

* Reported occurrence, aot confirmed.
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2. Description of Individual Mineral Species

a. llative Elements

Copper - Snail amounts of native copper, associated with chalcan- 

chita, were saan in the Lira mine, forming friable crusts and granular 

maaaaa filling cracks in the vein vail, scoe 40 meters below the 

surface.

Gold - All of the ores assay ana 11 aoounts of gold, but notable 

amounts have been reported only froa the San Genaro nine. Hinute grains 

of gold are associated with antiooniaa minerals, especially those of

silver. i

At least two prospects have bean worked for gold, Slglo Nuevo, east 

of the Hdpida oine (Knock, private report, 1910) and the Tres Palsanos 

prospect, on the north shore of Lagima San Francisco, but neither was 

successful because of low tenor.

Silver * Motive silver was one of the principal ore minerals in the 

>one of supervene enrichment overlying both base metal veins and silver 

veins (Crosnier, 1352). During this study it vaa seen only in the Juan 

da Dios adit, San Genaro, about 20 meters below the surface, as isolated 

vires, and thin sheets in massive and platy barite.

b. Sulfides

Acanthito - Acanthlte was identified in silver ores of the San 

Cenaro mina, and plats na^ra (acanthito) was abundant in the surficlal 

ores of th« Cerro Ealiquias area according to Crosnlar (1652), Ac San

acaathita haa two habits: 1) lacy mats, interstitial UnniacQ, and 

coatings on hypogcne and supcrgenc vein ainerals near the surface; 

and 2) iaolatcsd anhadral graina in quarts and ia tha centers of polybasito 

in the deeper, unaltered vain
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Acanthite ia the low temperature dicjorph of argent its and is tha

 cable modification below 175°C, tha teoperature of transformation 

(Kracek, 1942; and Ramsdell, 1943).

Chalcocite * Small amounts of sooty chalcocita ara present in most 

of th* supergene ore a, but less so over tha silver ores than elsewhere. 

It coat a and replaces hypogene oulfida minerals aa aooty films and 

aggregate*.

Chalcopyrite - Cha icopyrita, coraaon to the district in ssall amounts, 

ia a oaajor mineral only in the westernmost mines and In certain sections 

of tha San Genaro mine. It forms anhedral grains with quarts, sphalerite 

and tatrahedrita, and tiny veinlets or blebs in sphalerite. In the Lira 

and Caraen mines, chalcopyrita lines vug* along with quartz, sphalerite, 

and tetrahedrite, and lies in the centers of large tetrahedrite crystals.

CoveHita - Sou11 aaounts of covellita are widely distributed in 

the near-surfaca vein oaterial, as thin filns on sphalerite, pyrite, 

chalcopyrita, and tetrahedrite, and in association with native silver, 

acanthito, and supergene galena. Moreover, covelilte foras irridsscent 

films on sphalerite far below the sone of enrichasnt,

Galena * Galena» an Important and abundant ore mineral throughout 

the district, fonaa massive bands, knots, and coarse-grained aggregates, 

in association with quarts, sphalerite, tetrahedrite, pyrite, and

e. In tha San Genaro mine, galena is associated with both 

sulfides cad silver antinwaidea, and is also in cuall sub- 

octahedral to cubo-octahedral crystals in drusy aggregates of 

and sphalerita. In the Caudalosa alae, galena is generally

Gd by zones of tha lead antiocmidos, geocronito, scnsayita, and

 tnkcnito. Stroa!;y bands of fine-grainsd "staal" galena, showing curved
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cleavage in polished section, and galena crystals 5 centloeters across 

are characteristic of the Cartaon and Lira mines.

Harcasite * Small anounta of oarcasite ware identified in polished 

sections of near-surface ores froa localities* principally in the 

Csudalosa oine. It replaces pyrite along soall quartz-filled cracks or 

occurs as isolated grains in quartz.

Pyrite * Pyrite vaaa abundant in every deposit examined, dissemina­ 

ted in quartz or sulfides, in taallrock, and in bands of polycrystalllna 

aggregates with quartz, sphalerite, or tetrahedrite. At the Caudalosa 

mine, pyrite is also in collofora, aemlcassivo vuggy stringers, 1 to 20 

centimtars thick and thick, porous shells rinding isolated breccia 

fragaants. ?yrtta crystals are subhedral pyritohedrons, or cubes, vben 

diasaoinated in oassiva quartz or usllrock. they cocmoaly have two to 

six grovth rin^s. Spongy bells of pyrita, with centers of sphalerite, 

tetr&hedrite, or galena> were noted in iaassive and banded quarts.

jea.lr.ar. and Orpinsnt * Realgar vaa observed only in the Caudalosa 

vein of the Caudalosa mins as tiny stringers in siliceous vein material, 

as short prisaatic crystals coating laassive banded pyrita, or as tiny 

inclusions in late barite crystals.

Orpiaant is an alteration product of realgar, usually coats it«

8frhalsrit_q * Sphalerite, the ccoaoncdt ore mineral of tha district, 

foroa ssonoainGralic strin^ora 5 to SO ailliactera wide, knots nixed with 

quarts aad sulfidaa, crystals linins vugs, or irregular buttons and

crusts. Its habit is massive, or finely to coarsely crystal* 

Crystals ara 1 to 4 mllllncters in diassetcr, but in the Lira 

olne arc up to 5 centiliters across. Colors range froa dark reddish or 

ch bro'»m to brli^ht: oran^o and golclon yellow.
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The darker sphalerites cossaonly contain tiny blebs of chalcopyrite, 

and are associated vith galena, chalcopyrita, pyrite, quarts* bournoaite, 

tetrahcdrita, and wurtzita. The lighter sphalerites never contain 

ehalcopyrlte and are characteristically associated vith lead and silver

 uIfooa Its. Tha buttons and cellofora crusts of reddish sphalerite, 

associated vith barite and galena, line vugs and cracks throughout the 

district. Bright yellow, fragile acicular aggregates of sphalerite vere 

detected in the Caudalosa vela pseudooorphing stibnlte.

The iron content of sphalerite is low, ranging from about 0.01
/ 

percent in the lighter colored varieties to a maxim TO of about 0.9 per*

cent In the darker ones (see Table 37). In thin section, many sphalerite 

crystals show oscillatory zoning, vith colored bands separated by zones 

of clear sphalerite.

Stibnlte - Stiimlta was observed in the Caudalosa and Pltonisa 

Bines, vith rhodochrosite and quartz, In geuge-filled fault zones that 

cut or parallel veins, cementing brecciatad siliceous vein material, or 

lining vugs, cavities, and snail fractures in veins. W. A. Lyons 

(personal coominication, 1961) reported stibnite and rhodochroalte on the 

A level of the San Coaaro mine in veinlats paralleling the Bella and San 

Julia A veins. Stibnlta forma colunnar isassss or radiating or confused

*SS*egataa of elongata prismatic or acicular crystals, comonly covered 

ifith a sacoad generation of hatr-lilca cryaLala.

WurtgltQ - Wurtzite was idanCified la ora froa the A570 level of 

the Caudaloaa vein In aggregates of shore prismatic crystals 5 to 8

across and rosettes of tiny fat!.la301121 plataa, associated with 

and lead sulfo^dlts, especially bouruonito. Wurtzitcj also was
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reportad from the Quesplsisa vein* San Genaro (Palsche and others, 

1944) as tabular crystals up to 3 millimeters across. 

c. Sulfosalts

Araaayolta - Araoyoite was found in the rich nesr-eurface silver 

ores of the San Julian section of the San Genaro mine, as isolated 

anhedral blabs or subhadral plates in quartz, or inter grown with oassive 

oiargyrita, pyrargyrite, and polyhasita.

Bouraonite   Boumonite is a coczaon mineral in the Caudalosa* 

Ctndalaris, and Buporto mines, but elsewhere is rare* It forma massive 

stringers 0.5 to 10.0 millimeters wide associated vith other lead sulfo* 

salts, generally aeosayite and zinlcenite; as thin bands separating 

masses of tctrahedrita and galetut; or as irregular stringars, patches* 

or blobs in tetrahedrita . It also lines vugs ss stubby or elongate 

prlsois, cotiparable to those from Ears, Gerzany (Palache and others , 

1044), or rosettes of subparallal whael-like plat as, both less than 1 

taillineter across* Soall azoounts of boumonite are associated vith 

galena and tstrahedrite at San Cenaro.

QmlcoatlbltQ - Srwll quantities of chalcostibite coat famatinito 

end tetrahedrite or replace ennrgita as thin oats of fine crystals in 

the C3udalo34 vein. Crystals are usually tabular and comparable to 

froa Gejor, Spain (?alache and othars, 1944).

« EnarsitQ was oboarvcd only in the Caudslosa vein, aseocia-

vith colloforo, banded pyrita. Stevanovic (1903) reported tabular or 

pscudohexa^oiyil enarglte crystals frtra a vug in this oias 

vith "aatimaian-lusotiitQ" (faiaotinite) and stylotypita, which 

identified as tctrahedrita by Randohr (1943). Inargite is massive 

intcrj^rovn vith fai^itinita, Enargita atul fanatinite have
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bean largely replaced by younger tetrahedrite and tetrahedrita* 

bournonite-pyrite mixtures.

Faroatlnitc   Faoatinita im found only la the Caudalosa vein, 

Caudslosa mine. It is oaasive and associated with enargite and colloform 

pyrite, tetrahadrite, bournonita, and chalcoatibite.

Geocronise - Geocronita la an abundant lead sulfosalt in the 

Caudalosa, Can<Zalaria, and Ruperto areas. It riraa galena or replaces 

it in tiny stringer* and blebs. 1C also replaces sphalerite or forms 

isolated knots in seaseyite and bouroonita. Ceocronite is usually 

oasaiva or very fine-grained granular, but stubby prlsoatic crystals or 

oata of irregular elongate plates and acicular crystals line cavities* 

Sball (less than 0.5 ailliaeter) equidiraansional subhedral grains inter- 

stitial to quarts and other lead sulfosalts were also seen. Gcocronice is 

usually enveloped by scnaoyita, and uaa never observed in direct contact 

with any sulfidss other than galena t sphalerite, seaseylte and rarely 

bournonite and pyrite.

a * Hiargyrite is abundant at the San Genaro mine and is

eccxion alsev/here. It is a principal constituent of the sccxlcryatal- 

aggregates of silver aul fan tiroon idea filling quart z-llnod cavities, 

or cecjonttns quart a fragpicnts. tUargyrita is also found in the collo* 

forta banded ores of San Genaro and, at depth, as crystals in quartz-lined 

Vu£a or as anhcdral grains in quarts. Miargyrita, together with pyrar-

tetrshedrita, galana, and sphalerite, fills or coats fractures in 

»aterial tlirou^hout tho San Gcnaro mino and tlie shallow parts of the 

around Corro Rsliquiag. Crystals are usually thick, tabular prisots, 

triangular in cross section, and seldom more than 2 raillfcacters in 

Crystal faces coocionly show two acts of veil -developed
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Seaisayite - Sensayita la an abundant constituent of the lead 

antiaonida ores of the Caudalosa, Candelaria, and Xuperto nines, but 

vas not seen alacvhera in tha district. It is fibrous and generally 

foras 1- to 10- all lias tar a bands or fibrous oats coating or replacing 

geocronite. Fibrous aggregates of saaseylte in barita fill small 

cavities. Crystals are generally elongate prisms 0.1 to 1.0 milii- 

3se cor long, but one occurrence of eight -aided tabular plates of sesasey- 

ita, 0.5 to 3.0 ailllaaters across, was noted coating te trahedr ite .

Tetrahedrita - Tetrahadrite is found with all types of aiaeraliza- 

tion in tha district, as scaall stringers, crystals in vugs, in tha 

interior of cultilayer knots of sulfides, and oi^ad with me d lisa- to 

coarse-grained aggregates of sulfldes. In the base-oetal veins, It 

forsta aaaasive knots and bands 3 to 100 ailllxaeters wide and eoBEtaonly 

contains snail amounts of disseminated quarts and pyrita. In the allver 

veins at San Cenaro, it is inter grown with pyrargyrltot, coats voids as 

tiny subli2aate*llke branching clunpa, and fills cracks as granular 

or subhedral prisaatic crystals along with pyrargyrlte, 

, or galena and sphalerite. Crystals are generally tetrahedral 

at the Lira sine azasura up to 5 centimeters across* At San Cenaro 

 oall dodacahadral crystals ware observed.

* Zln!cenit2 is cotaoon in the Caudalo^a, Candelarla, and

airsca and traces ware noted in veins at the Kadona area. It is 

 saociatod with other lead aulfaattmonides and stlbalte, as wall as very 

or e»/oa super^ana minerals. ZinkeaiCa typically forms cross-cutting 

to^ethar with quartz and pyrlte or fibrous bends coatlns somsey- 

patches of cinkenite fonm in scroseylta, sphalerite and
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bouroonita* Although associated vith galena and geocronita, sinkenita 

is never found in contact with them. Late zlnkenite coats stibnita, 

or fills small cavities in quartz* sphalerite, aemseyite, or bouraonita 

in oats and aggregates of loosely packed, minute crystals, and is 

associated vith covellita, gypsum, anglesite, and micaceous hematite. 

Crystals are acicular and seldom more than 0.5 millimeter long. The 

largest crystals observed, about 2.0 millimeters in length, were grouped 

like sheaves of wheat. The usual color is steel gray and crystal 

aggregates have a toot-like appearance. Sorae sinkenite, however* is 

golden tan, rust red, or iridescent purple, probably resulting from 

thin films of covellite or hematite.

d. Oxides

Ant fcaonyr Qgjda9 - White to yellow, granular or fine-grained anti­ 

mony oxides coat the lead-ant insony oras at tha Caudalosa mine and else- 

vhere. They are found in dutap material and in old workings, associated 

vith gypsum, Jarosite, hydrous iron oxides and sulfates, and rarely 

chalcanthite. Most of this oxide is probably the hydrated oxide

 tlbiconite, but identification was not verified.

Hematite » Fine-grained disseminations of hematite in quartz were 

observed in all of the deposits of the district. It is especially 

abundant at Saa Geoaro where it occurs sporadically throughout the 

colloform ores in quartz bands that have a low silver content, as dia-

 eminated needles, characteristically grouped around corroded bess-

 etal sulfide grains * It is most abundant in the breccia bands in the

 *abaja vein and may hava been derived from tha breakdown of pyrlta. 

I»oosa filna or mats of fina micaceous hematite also fill vugo in 

deep within thft San Gcnaro and Diudaloaa mines. Furthortaora,
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beastita was seen aa inclusions in late barita and quartz. It is not, 

however, a COOROS mineral in the zone of oxidation, and is noticeably 

absent in tha supergena ores* 

a. Balidea

Cararfiyrita * Cerargyrite is a rara mineral in tha district and no 

mention was ma da of it in old reports. Tiny, yellow-brown, waxy buttons 

and thia crusts of cerargyrita coating quarts were seen in oxidized 

silver ores of the cast or Grau section of the Trabajo vain at San 

Genaro, associated with liaonite. 

f. Carbonates

Calcito   Calclte is a notable vein-forcing mineral in the Madona 

area, where it forms massive bands and filla vugs in the banded base* 

setal and rhodochrosita ores, and at the La Griega sine, where it foraa 

fibrous bands and drusy coatings on quarts. Small amounts of calcita 

are associated with oxidation products in the near-surface portions of 

veins ss tiny crystals and fibrous laminae coating vein minerals and 

filling cracks throughout the district. Calcita is also a cocmon, but 

aot a plentiful, product of vallrock alteration.

Cerusaite - Son 11 amounts of cerussite wara observed throughout the 

district in tha oxidized vein material, as grainy films, usually on galena, 

and associated with linonite, vnd, quartz, calcite, and copper carbonates.

Halach it a an J Aaur ite - Soall aiaounts of oalachita and traces of 

 surite in efflorescent clumpa form on tha oxidized ores throughout the 

district, generally in vall-aerated places, such as old surficial work- 

old fill, and min*3 dur^s. Tbay are more abundant in the western

of ths area, vltere the copper content of the veins is higher and 

ara mor*s nunvaroua.
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Rhodochroaita - Shodochroaite ia cocoon to tha district but ia

abundant in the Caudalosa vein, where, vith stibnite, it fills 

fault zones, lata fracturea and vuga, or cements ailicaoua breccia* 

It ia oaasive, vith highly contorted banding» or fonaa semiaassiva 

to crust-like aggregates of small, flattened rhocibohedral crystals. 

At the Hadona rains, crystalline and massive rhodochroaita ia inter* 

banded vith hesetaetal mil fides (especially galena) and calcite, and 

vith quarts near the vein centers. It was also reported <W. A. Lyona, 

personal cooounicatioa, 1961) in the upper levels of the Bella vein, 

at the San Cotiaro sine, interbanded vith quartz. Elsevhar* ia tha 

district, rhodochroalte ia found aa isolated crystals in cavities, 

or filling snail fracturea cutting all other vein-foraing minerals.

Hg* for Castrcvirreyna rhodochroaite rangea from 1.705 to 1.713, 

Indicating relatively pure taanganeae carbonate (Winchell, 1951)*

Siderito * Sball aoounta of aan&aniferoua aiderite were noted ia 

the intricately banded, eoHoform quarts at the San Genaro taine, 

tither aa anhodral grains aaaociated vith aericite and silver ant&aonidea 

°v intimately mix&d vith fine-grained quartz and associated vith abundant 

disseminated hecsatita.

Hg* rangaa from 1.735 to 1.750, indicating oangaaiferoua iron 

<Winch<jll, 1931).

g, Sulfatea

* Barite ia cocuon at the San Cermro nine, in the upper part 

the San Pcdro vain at Caudalosa, and in the Meta Caballo vein at 

, Elsewhere it ia not common. Barite is toassive or

o£ tfiia tubular plat3a filling or lining vuga and 

, or occurs aa scattered sia^l^ crystals Ln masaive quartz or
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rhodochrosite. Individual crystals are 1 to 2 centimeters aquare by 

1 to 2 millimeter* thick and are often coated with a second generation 

of smaller barite crystals containing inclusions of realgar (San Pedro 

vein) or finely divided hematite (San Genaro mine). Throughout the 

district, but especially at Caudalosa and San Genaro, barite forma 

drusy aggregates with galena and sphalerite. At San Genaro it is 

commonly associated with the rich silver ores.

Chalcanthite - Chalcanthite, the most common oxidation product of 

copper miner a la in the district, forms fragile, matted encrustations 

of thin tabular crystals on the walls and vein surfaces in old mine 

workings* It also forms tiny buttons and plates coating copper

 ulfldes. Hydrous iron and antimony oxides are its commonest asso­ 

ciates. When dry, chalcanthite is commonly coated with a greenish*

*hite» translucent powder, probably CuSO^.l^O (Palache and others, 

1951). Chalcanthite accumulates wherever water, percolating down 

through old fill or breccia ted vein material, evaporates; and is

found in mine workings far below the zone of oxidation, 

most notable occurrence of chalcanthite is at the Catutelar la mine 

it coats the walls of the lower adit with extensive, fragile

2 to 20 millimeters thick.

Gypsum * Gyp sun forms throughout tha district in or near the 

of leaching and enrichment or below fill or fractured vein

as scales, crusts, and fibrous aggregates, in association 

hydrous iron and antimony oxides and hydrous ferrous and cupric 

. Gypsum is also in hypogerva orea as acicular crystals, up to

long, coating vugs and cavities in unaltered vein 

in association with stibnite, barite, and quartz.
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Jaroatto - Small axaounts of jaroaita were identified aa very fine* 

grained, powdery aggregates in cavities in oxidized vein material, 

issoclated with hydrous iron and antiaony ox Idea,

Melanterita and Pozenita - la the Caudalasa dine, aelanterita was 

Identified glazing partially oxidized vein notarial, associated with 

antiaony oxides and lisxmite. It is quite coraaon in tha upper parts 

of the mine in old fill or «topes.

JPozenlte forna as a desaication product of nelancerite, which it 

coats as a translucent vhite povder* 

h. Silicates '

Clay minerals * Ho fonaal study of the clay minerals was under* 

takaa, but perfunctory studies indicate that minerals of the kao Unite 

group predominate in both altered wallrock and vein material. 

^ Kaolinitcs is a major constituent of the argillised wallrock sur­ 

rounding the veins throughout the district. In vein quarts, kaolinlta 

is found as disseminations and in wallrock fragments. At San Genaro, 

it was also identified together with sericita, quartz, and barlte in 

the vhite powder that coats vein material, fills vein cavities, and 

foraa irregular patches in quarts or carbonate bands.

Ha Hoy site and allophana vere identified optically in the thin 

glazz coating snail intergrown sphalerite, galena, and quarts crystals 

frcrzx vugs and cavities in tha banded quarts at San Ganaro. this glaze 

is thicker on the under side of the crystals, giving it tha appearance 

of having boon sprayed on.

1111C3 vns roported in tha argillized rocks of San Genaro (W, A, 

Jtfaaa, paraonfil cori;ruciit:atlon, 1961). The presence of dickite in these 

toc?c3 is 8'aapcjtcid, but not confirood.
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Montmorillonite group clays were identified optically in tha 

argillized rocks in and adjacent to veins, closely associated with 

koolinite,

Quarts   Quartz, the moat cocoon vein-forming nineral in the 

district, foros narrow stringers, thick bands, semicrystalline porous 

aggregates, anhedral grains oixed with sulfides, crystals lining 

cavities, and oicrocry stalling impregnations in wallrock fragaenta 

vithin the veins. The typical habit is aassive, hovever, prison tic 

crystals, 1 to 10 oil Hoc tors long, are; also eoanxm*

Hsssive quartz is coarsely crystalline, sonowhat milky in appear* 

ance, and flec&sd with inclusions of altered vallrock and disaeoina* 

tions of pyrite and clay minerals. Banded quarts, which ia best 

developed at San Genaro, shows intricate, contorted, and cooaonly 

variegated or collofora banding. Individual bands are cloudy, clear, 

or colored, and either oicrocrystallina or coarsely crystalline, they

 re solid and dense or porous and vuggy with comb structures. Individ­ 

ual bands may be pure quartz or contain sulfides, chlorite, crystals 

of barite or aider!to, disseminations of hematite, or pockets of

 artcita and kaolinite. Some bands show braeelation healed by younger 

quartz or silver antii&nidss. Soxoa of the oaasive ailky quartz ehova 

n cracka, and bends of ic|niritieg extending through several

crystals in*plying that it precipitated as a hydrous, 

gal, ufcich later dehydrated and crystallised.

quarts is conmon at San Genaro, sparingly present at 

, and rare elsc^iera in the district. Snail aaounta of jas|K»r 

found in all deposits. Chalcedony is coronon in the volcanic roclts 

the region, especially the pyroclaotic rocka, vhcre it forns banded
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or swttltd red and whit a vein lot a and pods.

Serlclta * Sericite is characteristic of the intensely altered or 

sericitized sone of vaallrock adjacent to vain structures. Within tha 

veins, sericita la found as disseminations and pods in aiassive or banded 

quartz. Sericite la also found vith pyrargyrlte, miargyrite, tetra~ 

bedrite and other late atnerala lining narrow, crosa-cutting scans. 

1. Mlnaralolda

tiiaonigg (hydrous Iron oxides) - Considerable amounts of li&onlte 

are found la the oxidised xona of tha veins of tha district as earthy, 

loose or porous aassea, and varnish-like coatings on vein material. 

It la associated vith aanganese oxides, hydrous antimony oxides, and 

other oxidation products* Sorae li&xmitlc gossan contains appreciable 

soounts of aurlfaroua quarts (Enock, private report* 1910), but moat 

of it is without value*

oat Ides) - Soall aiaounts of indeterminable black

manganese as id 23 were observed aixod with hydrous Iron oxides In 

gossans and oxidised ores or coating weathered rhodochroaite. This 

aineraloid Is aost abundant in the oxidized parts of the Caudalosa 

vein, but wss also noted elsewhere In soall aiaounts. It appears to 

have formed solely from the decomposition of rhodochroslte,
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D. Wallrock Alteration

In the Castrovirreyna diatrict hydro thermal alteration of tha 

wallrock la <onad around tha veins, the alteration scheme ia the same 

throughout the diatrict and can be aeparatad into five gradational 

zones, which are, in order of increasing intensity, the zones of chlor* 

itization, propylitization, argillization, serlcitisation, and sillcl* 

fication. Tha width of these zones depends on the permeability of 

wallrock and the size of the enclosed vein. The intensity and type 

of alteration is a function of temperature and the circulation of 

hydrothermal fluids, and'is apparently independent of the typo, charac­ 

ter, and stag8 of associated mineralization. Chlor itlaation, the lov- 

est degree of alteration, is the oldest and the most distant from the 

veins.

1. Chlorittz&tion

The aost extensive, but least intensive alteration is chlorltiza- 

tion. Searly all the rocks of the district have been sooeuhat 

chloritlzed; glass is devitrified and pyroxenes and maphibolca are 

partially or completely converted to chlorito and nagnotite} biotito 

is partially bleached; and serlcite has fonocd on plagioclasa.

2. Propy111iza t ion

Pron 10 to 100 aeters froa the veins tha rocks are propylitizcd. 

Ferrooagneslan cativarala are cotiplctely cotrvsrtcd to chlorIte and finely 

divided anatasa; groutxhnass is altered to k-aoUnite, chlorlta, iron 

oxides and albito; and calcic feldspars are largely converted to 

 crictte, olbita, calcita, kaolinitc, sad opaline silica. The original 

textures of theaa rocks are still easily recognisable.
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3. Argilllzation

Tha rocks are completely altered to clay, quartz, and sooe calcite, 

aihita, and Iron oxides within 1 to 10 sacters of the veins. Original 

sacrotextursa can still be discerned, but groundoass textures are 

completely destroyed. Kaoiinite is the dominant cloy mineral and 

aon&aorillonita, illite, and dick it a are suspected to be present.

4. Serieitisasion

Adjacent to the veins, wall rock is sericitized in a zone 5 to 100 

centimeters vida. The rock ia coco? let a ly bleached and converted to an

aggregate of sericite, hydrouica, and clay, into yhich varying anounta
/

of calcito, quartz* barlta, and dissenin^tad pyrite have bean introduced, 

All traces of original taxtareg have been destroyed.

5. Silicification

Within or irraidlately adjacent to the vein structures, quarts 

cooplately replaces wallrock. Minor amount a of sericite, kaolinice, 

and laoncoiorillonlte are present as veil as disseminations of pyrite 

that cocnonly outline foraer breccia fragments.

6. Altaration Procassaa

Bock alteration involved three different yet concooitant processes: 

decomposition, leaching, and addition. The dominant process in the 

*°ne« of chloritisation and propylitigation, was doconposition of rock- 

forming ainarals, vithout essential changes in tho bulk chemical

. Haflc tainorala deconposad first, followed by tha sround"

and finally the feldspars.

As the circulation of hydrotherual fluids and teopcrature increased 

decomposition was complete and leaching becoiaa Icport^nt. Ferrous iron 

«nd oa^iiesiua were first renovcd, than potassium, calciuia, sodlua, and
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finally ferric iron and titanlun. The end producta of this hydrothermal 

leaching were argilllzed rocks, consisting mainly of simple alumiaua 

silicates and quartz. Goopleta resaoval of calcium, sodium, potassium 

and ferric iron was seldom observed, and even the aost intensely 

argillized rocks contain small amounts of calcite, albita, hydromica, 

and hematite*

Where alteration was no at intense, addition played an important 

role. In the Ixsaediata vicinity of the veins potassium was introduced 

into the previously argillised rock, forming sericite and hydroralca* 

At the saae tine snail amounts of quarts, calcite, and pyrite were 

deposited. Vithln and adjacent to the veins, silica accoiapanied by 

ainor quantities of barite and pyrite aiciost completely replaced 

altered wallrock.
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B. Oxidation and Leaching

Although the upper parta of most veina are inacceaaibla and out­ 

crops excavated or covered with debris, enough information on leaching 

and oxidation was obtained to draw general conclusion*.

Vein outcrops are msaivo to seniporous quarta and seldom are 

acre than a oater high. Above the ground surface they are generally 

leached of all metallic constituents except for minor amounts of iron 

and manganese ox idea. Hassiva vein quarts from outcrops or float in 

the San Genaro area, however, nay assay 100 gra&a or taore of ailver 

per ton, due to tiny grains of prioary ailver minerals locked inter* 

stitially between quartz grains and protected from weathering.

In the first 10 to 50 ccntioeters below tha surface nine-raid 

residual froa extracts weathering appear, auch as, hematite and saan^a* 

aese oxides. Below SO centimeters depth chalcanthita, asurite, 

aalachite, calcine, cerussite, gypsum, anglesite, jarosita, ferrous

 ulfata, lir»nitG, uad, and hydrous antinony oxides fora. Ceruasite

 od calcite are the only secondary carbonates found at more than a 

vetar'a depth, but aulfates do fora wherever percolating waters 

«vaporata.

Conplcta o:'illation of tho nietallic constituent a of tha veins

 «ldoa esitenda aora than a aat^r or tvo isi depth, but partial oxida­ 

tion, especially of copper and antimony zain«rala, extends to depths 

of 20 taotera or oorc. Tha shallow depth of oxidation ia probably 

caufiQti by a hi^h %^tar table. Wheravsr tha vatcr tabla has been 

lowered recently, either naturally or by oine workings, partial 

extends to depths of 50 oetcra or tnora.
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Although the oxidised vein material does »t generally have 

econonie value, liaoaitic quartz at Siglo Hor« prospect in the 

pjpida area was reported to have up to an ocxa of gold per ton 

(Enoch, private roport, 1905).
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Enrichaent

Information on supcrgena ores of the district is incomplete 

because near-surface workings are inaccessible and old reports lack 

reliable data. According to Monte sinos (1591), Monroy (1769), 

Crosniar (1352)* and others, early a in tag activities exploited near- 

surface ores rich in plata blanca (native silver), plat a ne^ra 

(acanthite) , and plata roja or rosicler (silver sulfantinonides) to 

depths of 10 to 25 meters on both the base -octal veins and the silver 

veins*

1. Baaa-taatal veins

The zone of supergene enrichment in the base -octal veins of the 

Caudalosa, Cerro Kaliquias, and La Virreyna areas (see Plate 2} extends 

froa about 2 to 25 met era below the surface. Supergone minerals, how- 

evar, may fora 10 to 25 meters deeper.

Silver is the principal octal enriched, but snail amounts of 

copper and ocaaller araounts of lead and sine are also concentrated. 

The tenor of these supergenc ores is not accurately known because no 

modern data are available. Monroy (1769) stated that surficial ores 

of the Cerro Reliquias area contained froa 200 Co 1700 grams of silver 

per ton, and Crosnlar (1352) said that veins at Cerro San Francisco 

(Cerro Reliquias area) ran 50 to 60 kilograms of silver per ton, and 

that grab staples from tha Caudalosa mina averaged 5 kilograos of silvar 

and 20 percent copper per toa.

Hodcrn analyses of the protoras froa these veins show silver 

content overawing bct*.A2cn 250 and 350 grana per ton. Overall silver 

content in tlicae protoras sliowa better correlation to copper value a 

tlian to lead (o-ia Fi^uro 4) and gcciiqiwiatitativa spectrographic
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analyses shot* nor a silver in tatrahedrite than in other base-octal 

sulfides (302 Appendix V) indicating that raoot silver ma carried in 

tetrahedrite rather than in galena.

Supergans minerals found over tha base-octal veins include sooty 

acanthlts, pyrargyrita, miargyrite, covellite, sooty chaicocite, 

galena, sphalerite, and uativa copper, in order of decreasing abun­ 

dant a. these minerals ars found typically in thin filaa and fins* 

grained granular, lacy, or plunoaa aggregates* coojponly in associa­ 

tion with linoniea and suifates. figures 5 and 6 show typical super  

gone textures* Honsulfide hypogone gangua oinerals are coated but 

not replaced by supervene minerals; whereas, hypogena sulfides aro 

selectively replaced near fractures (see Figure 5)* Tetrahedrita and 

chalcopyrise are replaced first, followed by galena, sphalerite, 

stibnita, lead antinonides, and finally pyrita. 

2. Silver veins

It is difficult to evaluate the full extant and Importance of

 uperfgane enrichacmt in the silver veins because late hypo gene solu­ 

tions contributed to the enrichntjne of silver near the surface, 

depositing steilar minerals. In the upper 20 to 25 rasters of the

 ilver veins the douinant enriclioGnt process was super§en<i t as

by tha abuadonce of Booty acanthita, native wire stiver, 

other minerals gej^crally considered typical of aupargene miner a 1 i- 

Below 23 nctera dcpch, however, tha general textures and 

associations of the silver ore suggsat hyposcno rather than 

Edn^iralibation, even though Booty acanthito, chalcoclte, 

, and e«pc:r^sn*3 spholcrita were found in eoall quantities as 

aa 35 to 45 motors. Sea th« following section on Kypopcno



figure 5. A typical ouporgeno rcptacetaint of
Veinlota of covellita (cv) and a nonopaquo 
wlrwrfil (ac) v perhaps angloslto or ccrusaito, 
replace galcoa (^a). Quarts (qz). Caudalosa 
vein, uppermost vorklng, Caudalooa ralno 
(X 150)*
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Figure 6. Supergena sphalerite on atlbnlte, A
aggregate of  tlfcnlte (at) la replac«d try thin 
flbero of bright yallov  phnlcrlts (sp), vhlch 
pa^ucJooorph the atibnlte. Cypsion (g>) cryscala 
 cooclatcd with tha sphalerito. Coudaloea vein, 
4610 level, Caudalosa nino (XI).
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Enrictemt for do La i la.

Tba mzpcrgene orea at the Son Cenaro «nd Aatohuaraca  liver fldnes 

vera very rich; Moncti (1845) reported tenors of 100 to 250 kilo&ronia 

of silver per ton, and Crocnler (1352) said that west a from the San 

Cenaro nine rim 1600 gross of at Ivor per ton. Near-surface oro, nined 

it San Genaro at the tloe of this study contained 5 to 15 kilograoa of 

silver per ton.

Tha supersene ores in the silver veins are characterised by abun­ 

dant sooty acanthito, pyrargyrite, end ainrcyrite^ aoaa native silver 

and sosil asaouzits of sooty chalcocite, coveilita, galena, and cerar* 

gyxito. Sooty acanthite and chalcoclta fora lacy mats and pluooaa 

aggregates on other sulfides. Pyrargyrite, oiargyritat and covclllta 

cose hypogene oinerals in thin filioa and fill cracks and other 

cavities. Native wire silver forms chin sheets and vires on ganglia 

 iaersls, especially barite. Supergena ealcna is in ninuto, isolated, 

collofora knots in lacy aconthite and tiny clinpa of cerargyrite coat 

in partially oxidized ores. These minerals ara coocaonly

villi snail amounts of limonito, eypstaa» and chelcanthite. 

sdneralization is generally best shown in tha mora porous or 

parts of the veins*
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G. Hypogene Enrichoent of Silver

Tha enrlchacnt of silver near the surface in tha bese-taetal veina 

of the Caatrovirreyna diatrict can be accounted for by super gone 

procesaes, vhcn evaluated in tartas of depth of enrichraant, texturea, 

and apeciea of minerals involved, axaount of post-ore erosion* and 

tenors of the enriched ore and the pro tore. On the other hand, a 

siallar evaluation of tha silver veina of the district indicates that 

supergene processes alone cannot account for tha enrichment of silver 

towards the surface, even though the silver sulfide and sulfantfcoonides 

composing those enriched silver or 23 are considered typical of super- 

t*no enrichment (Cooke, 1913; Saviaz, 1915; Eaoons, 1915; Best in, 

192A).

1. BasoHpatal veina

In the bescnactal veins of the Gaudalosa, Cerro Saiiquias, and La 

Virreyna areas (see Plate 2), hypogcna vein material below 30 meters 

depth is cut by snail cracks containing pyrargyrite, oiargyrite, 

 erieite, and berite. thasa miner a lo naraly fill the cracks without 

replacing enclosing aulfidea. The lack of selective replacement , the 

of sericite, and the absence of other Indicative criteria 

that this oineralization ia due to deposit ion by lace hypogens 

'luida.

2. Silver veins

In the silver veina at San Ceaaro the richer ore shoots are near 

surface, and the silver content decrease with depth so that below 

70 level, vhich is 100 to 150 meters below the outcrop, mining is 

cconociical. Tho silver ainerals foxmxing those ore shoots appear
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to be younger than the bulk of the base-metal minerals and are 

commonly concentrated in voids in the vein material or in quartzoaa 

veinleta that cross*cut older vein notarial* On the basis of the 

tenor of silver, tha mineral assemblages» and the texturea present 

the veins at Son Cenaro can be divided into three zones: 1) a surf i- 

cial, highly enriched zone, 2) an intermediate, enriched zone, and 

3) a nonenriched, pro tore zone at depth* 

a, Surficial aone

The surficial gone, which extends from just below the surface to 

25 or 30 meters depth, contained the richest silver ore and shows 

mineralization and textures typical of supergena silver ores. Sea 

the preceding section on Supe r?*ene EnrIchnent. 

b. Intermediate cone

The intermediate sane extends 75 to 125 meters below the surficial 

sone, down to 100 to 150 meters below the vein outcrop. Silver values 

range froa 100 to over 1500 grams per ton and average about 500 grans 

per ton* Silver minerals of this zone include, in order of abundance, 

pyrargyrlte, miargyrite, polybasite, massive acanthi to, araoayoite,

*&d poarc&lte. They are found in tvo principal habits: 1) aa massive

 CSrcfcates filling and cenentlng quarts breccia, and 2) as isolated 

grains and snail aggregates in tho colloforn, banded quarte.

Tho massive silver ores consist of aggre^atea of pyrargyrite,

*iftrgyritct, and minor amounts of polybasite, pcarceita and aranoyolto, 

lining vuga, filling voids, or cement ing brecciated quarts. Thesa

 liver minerals sre found as ti^itly packed cnhcdral to auhcdral 

crystals, and are cotnonly intergrovn vith sphalerite, galena, and 

totroKedrite vith i^iich, in places, they show mutual boundary



- 61 -

relations. They nay replace galena and tetrahodrlta and, la turn, nay 

be coated vith younger sphalerite, galena, and barite. Replacement by 

 liver Mineral* la independent of fracturing, and boundary relations 

are intricate and Irregular. Silver minarala are almost always 

deposited in order of increasing antiaony content, viz. polybasite, 

nlargyrlte, and pyrargyrite. Well-developed cryatala ot these mineral a 

were observed in aany places, averaging 1 to 3 millineters in diameter r 

and cryatala of pyrargyrita 10 nillioeters acroaa vere seen. The 

crystal fora is not always constant, as both tabular and prismatic 

crystals of polybasite were seen, and simple prisoatic and complex 

rhonbohedral crystals of pyrargyrite observed.

The second typo of silver mineralization in the intermediate zona 

is associated with layers rich in sericitc and siderite in the colic* 

fora, banded quarts (s3« Figure 7). Pyrargyrite, aiargyrite, and some 

polybasite are characteristically concentrated in the siderite-rich 

beads, and to a lesser extant in sericitic layers or quartzose bands. 

Silver minerals form anhedral grains replacing or closely associated 

»tth ba«$-faetal su If Ida 3.

The silver sulfanticxmidas mentioned above are also found as 

isolated anhedral grains in massive vein quarts throughout the inter* 

cone. Acs nth its also is found throughout the in tensed late

in nnogive vein quarts associated vith polybasita. Arazaayoite

in msssivo vein quartz in the upper part of this zone, associated 

»ith pyrargyrite and exlargyrite.

°?en boKworks of quarts frocs vhich all buritc and eulfidea have

leeched (see Figure 8) are cooaonly associated vith tho silver 

in this rcmo. Tlw open spaces of these boxvorks are,
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Figure 3. Open boxuork of quarts resulting frora hypogcne 
leaching, the cavities are tabular and cubic, 
auggaating that barite and galena vere tha 
minerals rcoovcd. late crystal* of acricite, 
barita, quarts, sphalerite, and galena are 
cooDonly found on the aides of theso cavities, 
indicating that leaching la hypogene. San Julian 
vein, above Son Cenaro level t San Cenaro tains 
(X 1).
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is places, partially filled with serlcite and coated vith a few tiny 

crystals of quarts, barice, sphalerite* and galena. 

c. ?rotore cone

The protore zone lies below the intended 1st2 zone, and extends 

from 100 or 150 cxitcra be leu the outcrop to knovn deptlus of at least 

200 sjBters. Silver values range froa 50 to 350 grans per ton and 

average about 200 grcns per ton. At leant 20 to 30 percent of this 

Silver is contained in tetrahcdrite, which ia associated with Both 

base-octal and silver ainerals. The silver minerals form In two 

distinct habits: 1) as grains in quarts veinlets, and 2) as aggregates 

filling saall cracks* Both habit3 vcra observed in ths overlying 

Intermediate rone.

The velnlets, composed of clear quartzv cut the base-ccta! 

portions of the veins (see Figure 9) am! contain anhedral grains of 

pyrsrgyrite, nlargyrite, polybssits, and acant±itc, and snail acootxnta

«f gold.
t

The silver minerals filling cracks aro pyrargyrite and miargyrita* 

*b*7 fora tstssive or f ine-grained aggregates coated vith sericite and 

Write and arc ccooonly inter grown vith tetrahedrita. galena, and

Silver oinarals coat, without replacement, both calf idea 

suc mlnarala. Isolated crystals of tha silver minerals «r« 

ranging in slso froa 0.2 to 1.0 railliaeter. The33 fillings 

1.5 mUlirctars ia vidth.

d. General considerations

texture and mineral assedblags of the silver eras in the surf i- 

acne are typical of supergeaa era, end ara interpreted ta such.
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Banded quartz and siderite

Galena

Silver 

Sulfantimonides

Pyrite

9   BeaeHBBtal «ulf idea cut by quarts-silver
veinlet. Granular nlxture of galena (denaoly lined) 
aod aphalerite (lightly lined) aa4 pyrite C^tippled) 
ia replaced by veinlet of clear quart* (white) 
containing ailver aulfaatlaonidea (nolld black). Ihia 
ia a typical habit of ailvsr ore in the protorc, and 
illustrates that ailvar antiaooidea Here introduced 
after base-metal aulfidea* Sea Juliln Sur vein, 35 
level, San Cenaro nine (X 4).  
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In the intenacdiata zone, the Interlocking textures of the 

aasalve ailver olnerala, their ordered deposition and tendency to 

fora anhedral crystals, and their association vith late sphalerite, 

galena, tetrahedrite, barite, and aericite strongly suggest hypogene 

deposition. The textures and mineral associations of the silver 

minerals in tha coHoform, banded quarts are also indicative of hypo- 

gene rainora lisa t ion* Tha association vith open quarts boxuorks 

suggests that hypogene enrichment followed a period of hypogene 

leaching (see lacy end Uoooar, 1956).

In the protore rone, silver mineralization in quart* vainleta 

is undoubtedly hypogene. The silver minerals filling cracks are 

Interpreted as deposited by late hydro thermal solutions.
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B. Itaturo of Vein* <.

Host of the veins of the Caotrovirrcyna district forraed by the 

replacement of triturated notarial filling faults or narrow breccia 

sonca formed by shear* They grade froa veins consisting completely 

of introduced nsterial to those composed alaost entirely of brecciated, 

altered wallrock cemented by minor aaouncs of introduced material. 

the process of vein formation apparently consisted of gradual diges* 

tion and oachanical removal of gouge and sod 11 fragoants by rising 

mineralising fluids. fragments too larga to be carried away were 

replaced after prolonged contact with lalnora lining fluids or recutined 

as inclusions in vein material. Veln-foraing minerals precipitated 

froa solution concomitimtly with the renewal of brecciated wailrock, 

tnd large gaping fissures oaldoa existed. Vein vails are cotxaonly 

 arkad by thin ae&ns of gouge t although in places the contact between 

the vein and wallrock is gradational and ill-defined.

In contrast, oatry veins at San Cenaro and in the Astohuaraca and 

I* Griega arena appear to have fonaad by dopooition in fissures opened 

under tension. These veins are characterized by crustified banding, 

structures, nutjeroua vugs» colloform-banded quartz* and cockade

(see Figure 10). Most vein tutorial foroed in open fissures 

deposited frooi solution; howovar, ouch of the quarts and sorse of 

clay at San Cenaro have habits suggesting deposition from colloidal

Many veins show indications of oovenent during mineral deposition. 

during mineralization is illustrated at Caudalosa by cementing 

quarts or a 1 lie sous breccia by later minerals and by the formation 

teparate veins of late minerals, within or adjacent to the aajor
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_ m-' iJj-i-J

Figure 10. Colloforra, bended ore shoving e typical depositional 
sequence, the outer bend of collofora quartz (cqz) 
is followed by a layer of brecciated base-octal 
sulfidas (S), mostly sphalerite with minor eoounts 
of j^ilana, pyrite, end chalcopyrlte, end ceaented by 
quartz. The center of the vein is filled vith 
cryotollinG qunrtz (qs). Along the inner end outer 
edges of the sulfldo band are thin, alternating 
laysre of quartz end quarts with heoatite that give 
the ore its characteristic collofora, bonded appear­ 
ance. Silver minerals in this typ^ of ore are 
restricted to tho inner vuggy quarts bend (qz). 
Klla^ro vein, BiSto Jcoda level, Sen Geaaro nine 
(X 0.5).
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(see Figure 11). In the La Vlrroyna area ooveoenta during 

olncrallzatlon are shovn by the formation of "ateel" galena with 

curved cleavage and fractured vein note rial covered by younger 

unfractured material (see Figure 12). fieopenlng of fissure veins 

by tension during olnerallzatlon Is shown at San Cenaro by the 

Incorporation of breccia ted vein cater la I In the highly banded 

and crust If led vein material, especially near flexures (see Figure 

10).
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LEGEND

BASE -METAL SULFIDES

PYRITE

ENARGITE AND FAMATINITE

LEAD SULFANTIMONIDES

SILICIFIED WALLROCK

ARGILLIZED WALLROCK

BRECCIA

GOUGE

\

SCALE- i : 100
? 3 4 meters

n - SKETCH OF TYPICAL CROSS-SECTION 
OF THE CAUDALOSA VEIN, ABOVE. 4610 METER LEVEL, 
CAUDALOSA MINE.
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Figure 12. Sulfida depositions! aequcnca shoving breccia- 
tlon between last two stage a of dapoaitlon. 
Sphalerite (op), vith blcbe of chalcopyrita 
ill folloucd by tetrahedrits (td); *nd both 
«ra fractured and cut by quarts (qs). Sub­ 
sequently galena (ga) was depoaitad on tha 
tetrahadrito. Constanta vein, above 35 level, 

' Carmen oino (X 90).
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X. Structural Featuroa of the Ora Deposits

In the Caatrovirreyna district only a fsw faulta other than vein 

fiaaurea were recognised. It vaa possible, howsver, to distinguish 

three periods of faulting: before, during, and after oin^ralization. 

1. Pra-<alneral faulting

Over ninety percent of the pre-oineral faulta, or vein fiaaurea, 

at Caatrovirreyna have orientationa between H. 60° 5. and N. 50° V. (see 

Figure 13). The orientations of about ISO veina fall along a aexoi- 

aritlnctic curve, with two principal peaks, at N. 75° S. and X. C0° W. 

Oa the other hand, inspection of the vein pattern (aee Plate 3) and 

the frequency diagraa of all vein orientations weighted for length of 

mineralisation <aeo Figure 13, top diagram) shows three preferred 

orientations centered around St. 75° £., H. 80° W., and H. 55° W. Plot­ 

ting vein orientations by type of aineralization (aee Figure 13) ahova 

baoafoetal mineralization concentrated approximately in the three 

orientations ocntioned above, with   preferred veighted orientation

*' H* 30° V* Lcad-ontinoity mineralization ia preferably concentrated in

*«ina trending R. 75° B* and N. 60° V. Moat of the silver veina atrika 

batveea V. 60° B. and R. 75° V., with  aufmna orientation frequencies at 

"  80° W.. 9. 83° K., and  . 65° B.

The amount and direction of movement in the vein fiaaurea prior

*«  Bineralization could not bo determined with certainty«, Horizontal 

and vertical displaceoeata vere probably only a few meter*. Tho

horizontal displacement vaa oboervad at tha Sen Cenaro nine 

* quarts vein vhoae north a Ida ia displaced 34 oetera to the weat 

movcocnt) by the northt?oatuard-trending Araazazu vein, 

of a bed of tuff at Caudalosa indicated reverse dip-alip
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ALL VEI NS

2mm -1 v e i n 1mm = 250m of mineralization

BASE-METAL VEINS

4mm=1vein
2mm= 250m 

of mineralization

LEAD-ANT IMQNY VEINS

4mm=1vein 2mm- 250m of mineralization

SILVER-ANTIMONY VEINS

W

4mm=1vein 2mm=250m of mineralization

FIGURE 13-Vein orientation frequencies, 
Castrovirreyna Mining District, Peru
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 oveaxsit along the San Pedro vein, with a total apparent vartical 

dinplflccoant of 30 met era. Position of ora pockats and displacements 

of pyroclastic beds suggest left~lateral moveaents along tha north­ 

westerly group of veins, and right-lateral movenczita along the north* 

easterly veins.

2. Paul ting contenporonaoua with mineralisation 

Reopening of veins during mineralization under tension opened 

fissures with oinisal displacement of vein %ialla and la beat shown in 

the eastward-trending Trabajo vein, at San Cenaro. Existing vein

notarial vaa partially brecciated and receoentad by subsequent mineral-
r

izatlon (see Figure 10).

The fonaation of shear pLanes during mineralization ia confined 

to veins trending northwesterly or northeasterly and ia usually 

indicated by brccciation and scans of gouge* These shear planea are 

best shown in tha veins at Cmidaloaa, vh&re soa^s of gouge and breccia 

containing stibnita cut and parallel the veins. Judging from the size

 nd direction of era shoots, the acount of displacement was about 1 to 

3 netere horizontally and 3 to 10 meters vertically.

The directions of oovcment during this period of faulting aro not 

fcnotm, except at San Cenaro where W« A, Lyons reported (personal com*

 uaication. 1961) signs of nearly horizontal, left-lateral movencnt 

«*  llckenaideg in northwcstuard-trending veins.

3. Post«*nineral faultina

°nly a few post-mineral faults vcr^ observed in the district. 

1*ty «ra steop, cut veins at high angles v and show left-lateral dia» 

Placement of about 2 or 3 meters. Hoat of those faults strike H. 45°-

«. but ona strikes east and another H. 75° W.



- 73 -

4. Origin of vein fracture syataia

Iha vein pattern in the district is most easily explained aa the 

result of stresses equivalent to east-west compression. Such stresses 

would produce two seta of shears, asking angles of less then 45 de­ 

grees with the axis of osxiaaua compression, and one set of tension, 

fractures parallel to the axis of mexiaun compression (KcKinstry, 

1955). The preferred orientations of veins at Caatrovirreyna of

   75° C. and H. 55° V. represent these conjugate shears, and the

I, 80° W. veins the tension fractures. Initial movements along these

 heara, aa indicated by early forced oro pockets, correspond to rove* 

sjenta expected from east-west compression, left-lateral in the north- 

westerly set and right-lateral in the northeasterly set (sso Figure 14).

Movements during nineralization were more coop lex. Distribution 

and orientation of ore pocksts in northeasterly and northwesterly 

veins containing breccia and gouge seams are not consistent, and

 ooe displacements ara contrary to those expected froct the equivalent of 

tast*v3st compression; to vit, right-lateral in the northwesterly veins

 od left-lateral in the northeasterly set (see figure, 14). this sue* 

that release of stress or esst«veat tension vas followed by

compensatory displacements* 

*ost-olnerol faulting is left-lateral and shows preferential

 rientations between H. 45°*60° I., indicating continued release of

 tress or tension with a slight shift clockwise*

As the major stresses involved in tho Aadoan orogeny wero east* 

^t coopressions (Oppcnheln, 1948), it is logical to relate the

 tructural fomation of the Castrovirreyno veins directly to major 

^^n tectonics. Moreover, the types of movooient shown by thaat*
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4640m. Itvel

W

l'500

4610 m. Uv«l

IOOO

4570m. l«v«l

SAN PEDRO VEIN , CAUDALOSA 
SECTION THROUGH 20000 N

l«500

A VEIN, LIRA MINE 
ITONISA LEVEL

I'500

CARMEN VEIN,CARMEN MINE 
30 LEVEL

I»50O

SAN PEDRO VEIN, CAUDALOSA 
4610 LEVEL

SAN JULIAN VEIN, SAN GENARO 
35 LEVEL

PEDRO VEIN, CAUDALOSA 
LEVEL

FIGURE 14 - SKETCHES OF TYPICAL ORE SHOOTS, SHOWING 

STRUCTURAL FEATURES CONTROLLING ORE DEPOSITION
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, principally dip-slip and right* and left-latarcl offsets in 

the sasae vain, are consistent with the types of ooveacnta that would 

re mi It froa block faulting in tha Andes, through cctapression and 

relaxation of erogenic forces*
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J. Minera1isa t ion

1. Paragenesis

the mineralization history of tha Castrovirreyna deposits is 

divided into three phase a: 1) a proparatory phasa, 2) a depositions! 

phase, and 3) a reworking phase. These phases represent successive 

cheoical ata&ca* in tine and space, of a single, extensive period of 

aineralization, and not distinct pulses of ainaralization from 

different sources. These phases were not mutually exclusive nor 

wholly distinctive p but were overlapping and soaei&at analogous,

because each was the mm total of various types and intensities oft

sinilar and d is a led tar chemical activities. Thus, although each phase 

la represented by character la tic mineral assemblages, many minerals 

are forced in norj than one phase.

Conditions controlling precipitation or dissolution of the vein- 

foroing minerals varied locally, so that a detailed paragenetlc 

sequence applicable to a whole vain or group of veins and correlation 

of minerals forced along phyaicochozaical gradients in space with those 

forasd a Ions similar gradients in tfcna are conjectural* Thus, the 

following discussion gives only a general paragenetie sequence and

 voids all overly specific correlative conuotationa, such as "pyrite

r. <*
The first tvo phases were recognized in all the major veins of 

the district by characteristic mineral asseoblages (see Table I and 

flate 4). During tho final phaea v however, different mineral asflon- 

blague fortocd at different localities, correlation of which is

 caittedly tenuous.
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a. Preparatory phasa '  

The preparatory phase of mineralization is characterised by 

ground preparation and conditioning of deposition*! environoont. 

Prior to precipitation of ore minerals, tho permeability along vein 

fissures vas increased by rcooval of cominuted rock in the vein 

fractures, thereby facilitating circulation of mineralising fluida; 

and by silicification of fracture walla, a 1 loving the formation of 

porous, siliceous breccia upon continued movenant of vails« The 

environment was conditioned chemically by raising the temperature, 

introducing silica, and altering the vallrock.

The only vein-forming minerals deposited during the preparatory 

pha&a vera quartz and pyrite. The quarts at places shows colloforct 

banding and is flecked with cloudy inclusions of clay and altered 

vallrock. Pyrita uas deposited as snail disseminated crystals or 

co Ho fora bands suggestive of deposition froo colloidal suspension 

(Lasky, 1930) (sea Figure 15).

The prcccaca of early quarts and pyrito, and siliceous breccia; 

the lateral termination of many veins aa siliceous breccia; and the 

nunerous snail, ste riles veins consisting only of quartz or sllicifiad 

^allrock with disseminations of pyrita surest that initial and farthest 

Penetrating aincrallsing fluida vare aqueous solutions of silica, iron,

*nd sulfur, and represent the original oincralizing fluids vhich had

*o«C their oatal content through discharge at points closer to tho

*ource of mineralization.

b. Depositional phasa

IXiring tho second phase of mineralisation, the bulk of the vein 

ore minerals vas deposited and tlus oaxisun tcnporaturcs reached.
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I

Figure 13. Coiloforn pyrita deposited around a
 ilicifiad fra^pant of vallrock. Pyrita 
(vhite) i» replaced by tetrahcdrita 
(gray) along certain bands and is set in 
« oatrix of quartz (black). San Pedro 
vein, Victoria HUGVQ level,
 ina (X 37).
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characteristic of this phase are the simple sulfides of iron, 

lead, and zinc, and the coop lex sulfides of copper (see Plate 4). 

Textural relationships are complex and hard to interpret as tempera* 

tures and the effective concentrations of various elements rose to a 

maximum and then declined, creating tvo points in time (on either side 

of the maximum of temperature), at xrfhich the deposition of a particular 

mineral might be favored (see Plate 4). The general sequence of 

deposition is: pyrite, sphalerite, galena, chalcopyrite and tetra- 

hedrite, enargite and fanatinite, tetrahedrite and bouraonite, galena* 

and finally sphalerite.

Quartz and pyrite were the first minerals deposited (see Figure 

16), and continued to fora throughout this phase as they replace, 

and, to a lesser extent, are replaced by most minerals (see Figures 

17 to 21). It is difficult to estimate how much quartz and pyrite 

were deposited at any one tine. Figure 17 shows two periods of pyrite 

deposition: an early stage of large subhedral to euhedral crystals 

and a later stage of spongy pyrite with base-metal sulfides. Some 

early crystals show growth rings due to subsequent deposition (see 

Figure IS). Figure 19 shows pyrite mixed with galena and sphalerite 

of different ages in a porous "ball/* Figure 20 shows pyrite cut by 

 tringers of base-octal sulfidcs and figures 16, 21, and 22 show 

quartz deposited during and after base-metal deposition. EuhedralIsm 

of quarts and pyrite is interpreted as chemical stability (see Figure 

rather than an indication that they are younger than enclosing

The general insolubility of quartz end pyrite suggest that 

they vere transported as colloids rather than in solution* On the

hand, figure 15 shows that both quartz and pyrite were dissolved
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Quartz -

Quartz

Quartz

Quartz

Lead Sulfantimonid es 

Sphalerite

G alena

Pyrite

U npolished

16 * Polished cro«»-o«ctiot* of  tatactitic knot of 
 ulfides frod vug, «hovlng typical sequence of 
mineral* deposited vith declining tcaapcr*turca. 
8au Fd<!ro vein, 4640 lovel, C«ud«lo«« nine 
CX 2.5).
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Figure 17. Two distinct periods of pyrite deposition. 
The euhedral graiu of early pyrite (py) is 
partially replaced by ephalerita (cp), 
tetrahedrite (td), galena (ga), and lato 
spongy pyrite (apy). Ihls shows the 
relative reaiatence to corrosion of the 
large euhedral early pyrite crystals. 
San Pedro vein, 4640 level, Caudalooa 
aina (X 44)*



Figure 12. Pyrltu shoving threes veil-narked growth rings, 
on a partially diosolvcd original grain. Mote 
the rounded ehcpe of the original grain and 
the "ecbaywcnt" in the outermost ring. The 
texture is interpreted as representing fluc­ 
tuating equilibrium and noncquillbriiua between. 
thQ grain and mineralizing fluids, causing 
deposition and dissolution. Matrix la quarts. 
Caudalosa vein, uppermost vorklng, Caudalooa 
mlno (X 70).



Figuro 19* Forous "ball" of pyritc oixcd with bas£- 
 etftl sulfidas. Tbo center is s paeudo- 
eutcctic intergrovth of pyrlta and galena 
<p-S) and is surrounded by ephalerita 
containing disseminations of pyrites (s-p). 
Tho ball is rizia&d by galena <gs) and 
pyrite crystals (py). Tho ball uas 
probably fonacd by successive flocculation 
cf ir;r-mra or nixed colloids* Quarts (qp). 
This shova tho extcnoivo tios span of 
pyrite deposition. Caudalosa vein, 
Tecurario levol, Caudalooa nine (X 75)  



Figure 20. Typical ago relations between early pyrits 
and baoc-octal sulfides. Pyrita (py) 
groin is fractured and partially replaced 
by galana (ga) and sphalerite (sp) con* 
tainins chalcopyrita blebs. Quarts (42). 
Ifilagro vein, Nine Jcs<Ja level, San G«naro 
cine (X 100)*
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Figure 21. Quartz deposited after {plena and before 
sphalerite. Quarts (qz) replaces galena 
(ga) and both arc replaced by sphalerite 
(sp) vhich preferentially attacks galena 
and barely corrodes the tipa of quartz 
crystals. Contacto vein, HiHo Jea6s level, 
Son Gcnaro oina (X 55)  
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locally.

Sphalerite and galena vere deposited in two main stages in this 

phase. Early sphalerite and galena follow pyrite, partially replacing 

it (see Figures 16 and 20), and precede chalcopyrite and tetrahedrite 

(see Figures 22 and 23) which generally replace them along thin veiniots 

(see Figure 26) * Massive rcplaccoent of galena or sphalerite by tetra* 

hedrite vas also observed, favoring crystallographic directions (sea 

Figure 25)   l*te sphalerite and galena follow late tetrahedrite (see 

Figure 26) vith sooo replacement« Xhe older galena and sphalerite* in 

contrast to the younger* are coarser grained* Furthenaoro, the older 

sphalerite contains blebs of chalcopyrite, and taoro iron, is darker 

colored, and ia associated vith vurtzito.

The textural relations between galena and sphalerite are cocncmly 

aobiguous (see Figure 27) or unintorpratabta (see Figure 23), and 

mutual boundaries are not diagnostic. SOCK sphalerite shove obvious 

evidence of replacement by galena (see Figures 23 and 29)« Most of 

the intorpratfible textures, however, indicate that sphalerite followed 

gslena vith appreciable replacement (see Figures 16, 30, end 3D*

The close association of galena and sphalerite, their noa- 

diagnostic borders and their dual age relationship Ixaply that they 

stable under practically the sane conditions, and frequently

contemporaneously. This contemporaneity is veil shovn by the 

Pseudoeutectic* arborescent texture of a £al£nA~&phalerite*quart8 

froa San Geiiaro (see Figure 32)»

The relations of vurtvite froa the Caudaloan vein to other eulfides 

not clear but it appears to be contemporaneous vith bournonite and 

than early cpluilerite.



Figure 22. Early baac-oatal aulfides replaced by early 
 ulfantlrwnic!os. Galena (ga), tphalerita 
(sp), and pyrlte (py) are replaced by tetra- 
hedrite (td) and boumonite (bn). Boumonite 
la cotitos^oraneoua with tetrahedrita and 
probably fon^d by a reaction of copper* 
anticxmy solutions with galena. Quarts (q»). 
San Pcdro vein, 4640 level t Caudaloaa 
(X 82).
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Figure 23. Typical deposittonal sequence during rising 
temperatures. Sphalerite (sp) replaced by 
chalcopyrlte (cp) and galena (ga), all of 
which la replaced by tetrahedrlto (td). ,r 
Shows typical deposltlonal sequence and 
habits formed with ascending teopcraturea, 
Katllde vein, main level, Katllde mine . ,,: 
(X 200). ... -^., ;** :j
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Figure 24* Typical base-octal sequence deposited during 
rising temperature. Early sphalerite (»p), 
with large blabs of chalcopyrite (cp) is 
slightly replaced by galena (ga). A veinlet 
of tetrahcdrite (td) cuts all of these. 
Quarts (qz), preferentially replaces tetra* 
hedrlte and galena, and to a lesser extent 
sphalerite. Milagro vein, MiHo Jestia level. 
San Ceooro mine (X 55).
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Figure 25. Typical galena-tetrahsdrite relations.
Galena (ga) replaced by tetrabedrite <td) 
along crystallographic directions. Note 
 imilarity in shape of tetrahedrite to 
cleavage pita in galena. Sphalerite (ap) 
and quarta <q»). San Fedro vein, Intennodio 
level, Caudalosa mine (X 125).
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Figure 27. Aabiguoua relationships between sphalerite 
(gray) and galena (white). Cusping is well 
developed into both minerals. The leant of 
galena in tha lover center can be interpreted 
aa a cross-cutting veinlet or a remnant of 
extanalvo replacement. Likewise, the thin 
 trlngers of galena may be penetration* of 
galena along cryatallogrcphic planes in 
sphalerite or reooants of extensive replace­ 
ment of galena along cryatallographic 
directions. Matilda vein, main level, 
Matilda mine (X 75).
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Figure 23. Indefinite relationship between sphalsrite 
and galena. Both sphalerite (gray) and 
galena (vhite) are replaced by quartz (black). 
Sphalerite contains absolution blebs of 
chalcopyrlte. Texture is typical of early 
fonred bane-u&tal ores. San Antonio vein, 
Pique level, Lira mine (X 60).
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Figure 29. Late galena replacing sphalerite and
tetrahedrlte. Galena (ga) replaces early 
sphalerite (sp> along crystallographic 
directions. Galena also replaces tetra­ 
hedrlte (td) forming bournonlte (bn) at 
the expense of tetrahedrlte. San Pedro 
vein, Intermedio level, Caudalosa mine 
& 100).
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30 Galena replaced by late sphalerite 
containing chalcopyrite blebs. Note 
that the outline of the galena (white) 
recnumt corresponds with the cleavage 
pita. Compare with Figure 25. Crau 
vein, Mirio Jesds level, San Genaro 
mine (X 150) .



Figure 31. layered texture typical of base-metal 
deposition with declining temperatures. 
Sphalerite (gray) and quartz (black) are 
deposited on and partially replace galena 
(white). Massive quarts slightly corrodes 
the sphalerite. See Figure 26 for overall 
relations. Caudalosa vein, San F61ix 
level, Caudalosa mine (X 30).



Fi~ura 32. Pacutlocu tactic, arborescent inter^rowth of 
bas£<<3ctal aincrals. Galena (white), 
 phalciriwft (gray) viUi blob a of chalcopy trice, 
and quarts (black), have been depooltod 
stuulLnnaously. Mila^ro vela, 33 level* 
San Coxuaro nine (X 30).
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Cbalcopyrlte Is contemporaneous and slightly younger than early

. Initially chalcopyrlte formed absolution blebs In sphal- 

erlte (see Figures 28 and 32) and later, fortaed cross-cutting velnlets 

(see Figure 33) and Isolated masses along the periphery of early sphal­ 

erite grains. Chalcopyrlte Is contemporaneous with early tetrahedrlte 

(see Figure 33), but Is not commonly associated with minerals deposited 

after rasxiaum temperatures were attained (sec Plate 4) and where It Is, 

chalcopyrite Is always replaced by them (see Figure 34).

Fraatinite and enargite occur only in the Caudalosa vein, associ­ 

ated with massive banded pyrite. They are Intergrovn and were deposited 

simultaneously. They are younger than quarts and banded pyrite, and 

are replaced by tetrahedrite (see Figure 35), chalcoatibite, and 

tetrahedrita-bournonite-pyrite assemblage. Famatlntte and enargite 

formed early in the mineralization history and are the only minerals 

found that are diagnostic of aesothermal deposits (Llndgren, 1933). 

They are vestiges of the highest temperatures developed in these 

deposits, i.e., 300°-350°C.

Tetrahedrite was the principal copper mineral precipitated during 

this phase and was deposited in two distinct periods (see Plata 4).

**rly tetrahedrite forced contemporaneously with chalcopyrite (see 

figures 24 and 33), preferentially replacing early galena (see Figures 

24 and 25) and sparingly replacing early sphalerite (see Figure 33) 

pyrite (see Figures 15, 17, 19 and 22). Late tetrahedrita prefer- 

replaces galena, forming boumonite (see Figure 22) as well

** chalcopyrite, famatinite, and enargite (see Figures 34 and 35). 

tetrahedrite Is replaced by la to galena, forming boumonite 

Figures 26 and 36).
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Figure 33. Typical association of chalcopyrite with 
tetrahedrite and sphalerite. Veinlet of 
tetrahedrite (td) and chalcopyrite (cp) 
cutting sphalerite (sp) vhich contains 
blebs of chalcopyrite. Oscillatory banding 
of tetrahedrite and chalcopyrite probably 
denotes equilibrium and contemporaneity. 
Katilde vein, main level, Ma tilde mine 
(X 550).
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Figure 34. Clialcopyrite replaced by sulfides deposited 
In tha reworking stage. Chalcopyrits (cp) 
riuucd and veined tetrahedrita (td). Tho 
largest valnlets of tatrabedrita contain 
pyrargyrita (pr) and a center of galena (ga). 
This eliowa the instability of chalcopyrits In 
late mineralizing solutions. San JulUn Sur 
vein, 70 level, San Cenaro mine (X 50).
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Figure 35* Assciablaga of stcditsa-terspcsratura copper
 ulfooalts. An exaolution iatcrgrovch of 
enargita (on) and fcmatlnito (fa) I* 
partially replaced by late tctrahedrltc. 
This asa^mblage probably reprooents the 
nsxicttm tenperAturea developed in th« 
district. Section  tained with KCN. 
CaudtloBQ vein, 4610 level, Caudalosa nina 
(X 70).
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Figure 36. typical reaction interface between galena 
and tetrahodrita. Bournonitg (bn) foraed 
on tetrahddrita (td) by reaction with the 
 olatlona depositing the late galena (ga). 
Trt-2 eaall blebs of bouraonite in galena 
fornod contftoporaneously with galena from 

" copper and antimony derived from tlie dis­ 
solving totrahedrita. Shows an antioonlan 
reaction typical of the lead-antloony veins 
of the district. See figure 26 for overall 
relations* Quarts (qz). Caudalosa vein, 
San Felix level 9 Caudalosa nlna (X 60) 
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Sournonite forms irregular stringers, patches and blebs in 

tetrahedrlta and galena (see Figure 22) or thin bands separating galena 

and tetrahedrite (sea figure 36) that were forzned by reaction between 

tetrahedrite and the aineraiisiag fluids depositing galena, or vice 

versa. The patches of bournonite in tetrahedrite or galena probably 

formed contemporaneously with the enclosing mineral front excess lead 

or copper in the mineralizing solutions. Varied texture! relations 

of boumonite and its coexson absence in the tetrahedrite-galena assent* 

blago (see Figure 24) preclude the formation of bournonite as an 

intermediate solid phase between galena and tetrahedrite (Hoes, 1956). 

c. Ratjorking phase

The third phase of mineralization followed movements that reopened 

the principal veins at San Genaro and Gauds loss which had becorao so 

clogged with vein-fonaing minerals that circulation of mineralizing 

fluids had probably all but ceased. The fresh mineralising solutions 

bad lower temperatures and higher effective concentrations of silica, 

antinomy, silver, and blsouth than those of tho preceding phase. Hew 

talnerals were deposited and pre-existing minerals were partially 

replaced, redistributed, and altered along the reopened channels.

Minerals characteristic of and restricted to the third phase are

lead antiaonides, geocronite, aeoseyite, and zinkenlto; the silver 

: pyrargyrite, peer eel to, polybasite, miargyrite; the silvev» 

sulfide: araoayoite; the simple sulfides: acanthite, stibnite, 

f and orplnent; and tho gangue minerals: barite, rhodochrosite,

 iderita, alloplumc, halloyslte, and hematite. In addition galena,

 phalerite, tetrahcdrita, bournonlto, scricite, and quarts, uhich are 

recognizcd in previous phases, wcro also deposited.
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The events in the reworking phase have the following sequence 

in both the lead  antimony and the silver-antimony veins: 1) reopening 

of veins and the introduction of antimonian and argentian solutions, 

forming sulfantimonides of lead and copper at Caudalosa and of silver 

at San Genaro at the expense of existing auIfides; 2) direct precipita­ 

tion of sulfantimonides, quartz, pyrlte, sphalerite, stibnlte, aiderite, 

rhodochrosite, barite, hematite, realgar, and orpiment; 3) slight hydro- 

thermal leaching of barite and galena; 4) redistribution of silver 

minerals towards the surface (hypogene enrichment); and 5) deposition 

of minor amounts of galena, sphalerite, tetrahedrite, pyrite, barite, 

hematite, and gypsum in cracks and voids.

(i.) Lead-antimony veins

During the reworking phase the deposition of lead sulfantimonides 

is confined to a belt in the central part of the district, extending 

from the Ma dona mine northwestward to the Caudalosa, Candelaria, and 

Bonanza mines (see Plate 2). The lead sulfantimonides are boumonite, 

geocronite, semseyite, and zinkenite. With the exception of bournonite, 

these lead sulfantimonides are commonly found in zones around galena 

grains (see Figures 37 and 38). The least antimonian, geocronite 

LPb27(Sb,As) 12845], is the only one in direct contact vith galena (see 

figure 39). The most antimonian, zinkenlte (PbgSb^Sy), is found only 

In contact with stibnite and semseyite. Semseyite (PbgSbgS2]) is found 

ia contact with both geocronite and zinkenite but not with galena or

 tibnite (see Figure 39).  

These mineralogical associations suggest the alteration of galena 

by antimonian mineralizing fluids, forming first geocronite, then the

 ubsequent partial alteration of geocronite to Bemseylte, and finally
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M^'~y'tJ^a :'-?<'-?& 
^tt:''^'?''-:*'''-£i,-:::?~^

Figura 38. Galena altered to lead «ul£antioonidea. 
The lead aulfantinonides are tonally 
arranged around galena (ga) in order of 
Increasing ant loony content, geocronite 
(&>)» aeoseyite (ea), and cinkenita 
vhich is nixed vith quartz (qp). At 
galena ia coated vith younger sphalerite 
(ftp)* Typical e:taqpl« of local coning 
caused by localised equilibrium. For overall 
relations see Figure 26. Caudaloaa vela, 
Sun Felix level, Caudalooa mine (X 30).
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figure 39* Detail of replacement of galena by
sulfantixaonidcs. Ceocronite (go) rlns 
galena (ga> and replaces it a Ions crystal* 
lographic directions, and in turn is rimed 
vith sem&eyita (cu) and quarts (qp). Hote 
that sensayita is not in direct contact 
vith galena. Caudalosa vein, San F61ix level. 
Caudalosa taine (X 200),
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partial alteration of seoscyite to sinkenita. Lead taken into 

solution by thia process* rececabined vith antiaony and precipitatedv 

first as geocronite vhere lead concentration waa very high, next as 

scaseyite, and then as ainkenite (see Figure 40), indicating a supply 

of lead diminishing with tizaa. Finally, when no more lead was avail­ 

able, stibnite uas dcpositod.

Alteration of copper minerals at Ccudalosa during thia phase is 

sianifasted by rare accurrencas of chalcostibite coating and partially 

replacing fsiaatintta and enargita. Tetrahadrite was not deposited nor 

attacked during tha early stages of the reworking phase of mineraliza­ 

tion in the lead sulfantiaoaides veins, and any copper in solution 

early in this phase vas precipitated aa bournonite, vhich was later 

replaced by other lead sulfunticonidaa (sea Figure 41).

Existing sphalerite vas partially replaced by tha sulfantioonidcs, 

particularly goocronite, especially near galena (sea Figures 41 and 42), 

Towards the end of tha period of eaxiama deposition of sulfantinonldes. 

However, sphalerite waa deposited in equilibrium vith sinkenita and 

quartz (see Figure 43), and later was slightly corroded during quarts 

d£position (sea Figure 44).

throughout the entire pariod of sulfanttaonida deposition, quarts 

And to a leaser extent pyrita, vera deposited in snail aoaunta (aoo 

Figures 3S and 42). Major deposition took placa during and after tha 

formation of ainkanite (sao Figures 40 and 44).

Following tha deposition of tha bulk of lead a&Cisonides, retail 

 nounta of fibrous semoeyite, sinkenita, and eoall crystals of realgar, 

, micaceous hcraatite, and barita precipitated in existing voids, 

stibnite, rhcxlochroaite, and quarts fomcd in la to cross-
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fr /»"fS

Figure 40. An equilibrium asacublage of zinkenite, 
quartzv and pyrite. An intergrovth of 
sinkenite (zn), quarts (qs), and pyrite 
(py>, fron veinlet of lead sulfantiraonides, 
 hows contcoporaneous deposition of these 
"three minerals. Caudalosa vein, Poapayo 
level, Caudaloaa mine (X 100).
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Figure 41, Typical habit of only copper mineral, 
boumonite, deposited with lead 
sulfantloonides, Bournonit* (bn) set 
in Datrix of geocronite (go) surrounded 
by ragged grains of sphalerite (sp) and 
cut by quartz (qz). Hote association 
of sphalerite with boumonite. Caudalosa 
vein, Tetaerario level, Caudalosa mine 
(X 250).
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Figure 42. Typical ninexal sequence of tha reworking 
phase. Ccocronite (go) vith spongy pyrlto 
(py) replacing sphalerite (sp) v and in 

^. turn being replaced by fibrous  caacylte 
(ao) and barito (ba). Sphalerite has 
replaced galena (ga). Quurta grains (qz) 
 re probably older than geocronite and 
younger than sphalerite* Ruparto mine, 
dunp (X 100).
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Figure 44* late quartz-pyrita mineralization. Quart* 
(qz) preferentially replace* sphalerite (sp) 
vhlch is partially replaced by «inkcmite (sn) 
Rote pyrlta (py) preferentially deposited on 
sphalerite without apparent replacement. 
Caudalooa vein, Poopeyo level t Caudalooa 
mine (X A2).
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cutting fracturei or in vugs, narking the close of antixoonian mineral­ 

ization in the lead-ant loony veins* The presence of sinkenlte and 

atibnita at Madona, without antiacmian alteration of galena, and tha 

quart2*atibnite-rhodochrosite assemblage in the upper parts of tha 

Ceudalosa vein nay represent physico-chemical gradienta in space 

rather than In tiac. thus, correlation in time la not possible.

Bydrotheraal leaching , which followed najor deposition in this 

phase, was observed only at the Kadona mine vhcre galena crystals have 

been corroded in a step-Ilka fashion nicely revealing their cubic 

nature, Uypogenc enrichment of silver nlnorols was not seen in the 

lead~antlaony veins; however, the final phase of hydrothemal deposi­ 

tion in which minor amounts of sphalerite, galena, pyrita, barite, 

gypaun, and hematite were deposited is well documented throughout the 

lead-ant iraony veins.

(11.) Silver -an tloony veins

Correlation of the silver-antimony mineralisation at San Genaro 

tod Aatohuaraca with the reworking or antiaonian phase of mlneraliza* 

tion in the central pert of the district, ia based on comparable 

increased in antimony in the depoaitional sequence following similar

mineralization.

The base-dotal oineralisetion of the silver-antloooy veins at San 

are slnllar in nineralogy to baaa-oetal Binoralixatioa else* 

in the district: sphalerite contains exsolution blebs of chalco* 

galona-splialerite-tctrahedrite-chQlcopyrite asscablage is 

(sea Figures 32 and AS), and iron content of sphalerite ia the 

(ace table XXXXV).
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Figure 45* Remnant grain of early base-octal olncrala
in bended silver ore. Calena <ga) enveloped 
by aphalorite (*p) and chalcopyrlea (cp). 
Silver-ant izaony mineralizing fluida havo 
partially replaced chalcopyrite by tetra- 
badrite <td) and galena by poly bo site (po) 
and pyrargyrite (pr)« Grain enclosed in 
colloform quarts (qz). Klla^ro vein, KlHo 
Jestla level, Son Cenaro nine (X 82).
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Following the deposition of base-octal sulf ides at San Genaro, 

the veins vere reopened and mineralizing fluids bearing silica* 

silver, antizaony* iron* and snail amounts of gold, arsonic, and bismuth 

vere introduced in tha central parts of the veins, cross-cutting and 

partially replacing the base-caetal minerals (see Figures 9, 46 and 47) 

and depositing silver sulfantinraldes (see Figure 48).

The silver mineralization at San Genaro began with the deposition 

of silver sulfide* became progressively more antioonian in tiae* and 

terminated with the deposition of a silver-bismuth sulfantiiaonide, 

aramayoite. The silver minerals are: acanthlte (Ag2S), polybaslta

  P^>rccite (Agj^AajS^)« pyrargyrite (Ag^SbS^)* miargyrite 

, araxaayolte [A«(Sb tBi)S2]. Polybaslte, the least antimonian 

of the sulfantixnonides, is the only one In direct contact with acan- 

thite. Miargyrite* the most antioonian mineral of this assemblage, 

IMS observed only with pyrargyrite. Stibnite was reported near the 

present surface in the Bella vein (W. A. Lyons* personal communication, 

1961)* and* as at Caudalosa, it occurs with rhodochrosltc.

The first minerals deposited in the third phase of mineral lea t ion 

at San Genaro vere quartz and hematite (see Figure 46)» followed by

 canthite (see Figure 49). Host of tha acsnthlte was subsequently 

altered to polybasite, but sooe still remains locked between quartz 

(rains and in the centers of polybasite grains (see Figure 49). 

following the precipitation of a canthite, polybasite and pearcoite 

deposited* then pyrargyrite and miargyrite. Age relationships 

sulfosalts are not alwavs clear as they vere redistributed

 fter initial deposition and concentrated near the surface. It is

 Pperent, however* that miargyrite tends to replace pyrargyrite (see
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Figure 47* Corrosion of galona by early mineralizing 
fluids of the reworking phase. Galena (go) 
preferentially replaced by quartz (qz) with 
hcoatlte needles. Sphalerite (sp) is not 
Attacked. Quartz is interbanded with 
 iderite (sd) containing disseminations of 
hczxstita. Note the precipitation of hematite 
in quarts only around &aletia, Mila^ro vein, 
Ktno Jesus level, San Genaro mina (X 63).
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Figure 43. Galena replaced by silver minerals.
An isolated grain of galene (ga) from 
quarts veinlet shoun in Figure 9, 
vhich is replaced by polybaslte (po) 
 nd pyrargyrite (pr). San Juliln Sur 
vein, 35 level, San Cenaro mine (X 202).
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Figure 44. Antiiaonian alteration of acanthite.
Acanthite (as) and gold (go) surrounded 
by polybasite (po) and enclosed in 
quartz (qz)i Cold and acanthlta ar« 
tcrononts of initial mineral lea t ion in 
the rewriting phsoe. Acanthite subse­ 
quently reacted vith antinonian fluids 
foradLng polybcaito. S^a Julid^i Sur 
vain, 35 level. Sen Gcacro oina (X 350),
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Figure 50).

During the early stage of silver aulfoeait deposition quarts was 

the principal gangue mineral. It wsa accompanied by minor aaounta of 

hematite and pyrite (see Figure 45) and mineralizing fluids corroded 

or replaced existing base-octal sulfides (aee Figure 67). Aa silver 

mineralization continued, aiderite and sericite became important 

gangue minerals, foraing intricately banded, colloforn quartz~sideritc« 

ailver orca (see Figures 7 and 51). Small amounts of pyrite, galena, 

tetrahedrita, sphalerite, and barite were also deposited with these 

colloform ores. The replacement of existing chalcopyrite by tetra* 

hedrite, galena, and pyrargyrita (see Figure 34) probably took place 

at this Cima. This early stage of antlxaonitm mineralization culminated 

in the deposition of atibnite and rhodochrosite.

Early deposition vaa followed by a period of slight hydrothermal 

leaching, wherein barite and possibly sulfides were leached out of 

vein quartz leaving open boxuorks (see Figure o). Thereupon, silver

 ulfsntiaanidea vere reoobilizsd and concentrated near the surface, 

filling voids provided by leaching and brecciation (see Figure 10)» 

Araaayoite, a silver-bissuth oulfanticxmide, is characteristically 

associated with these enriched ores.

Bypogcnc mineralization at the close of the reworking phase is 

marked by the deposition of minor amounts of base-octal, ganguc, and 

silver minerals in cracks and voids in vela material. In the upper 

levels of the San Genaro mine, nodular growths of late materials vere 

observed filling vugs (see Figure 32). The typical depositional

 equcnce is pyrite, chalcopyrite, galena, sphalerite, tetrahcdrite,

, and barite (see Figure 52). Drusy growths of galena, aphaldr-
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Figure 50. Typical silver gulfantiraonicta sequence. 
Mssoive pyrergyrita (pr) is replaced by 
 targyrita Car)* tfiich has « higher 
«ntloony content. &m Julian Sur vein, 
35 level, Sen Genaro nine (X 50).
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Figure 51. typical knot frout bonded, collofora ore. 
Crystalline quarts (qa) aurrounded by 
aiderita (ad) followed by a layer of 
mi/irgyrite <nr), pyrita (py), totro- 
hcdrite (td) and laasaive quartz, another 
band of aldcrite, and finally quartz. 

' See Flcure 7. San Julidn Sur vein. 70 
levol, San Genaro nlna (X 30).
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:..:sMii&k,.

Figure 52. Detail of knot of late hypogene minerals 
showing depositional sequence. Granular 
pyrite (py) and chalcopyrite (cp) anclos^d 
by galena (sa) followed by oinor aoounta 
of sphalerite (ep) and massive tetrabedrita 
(td) yhlch partially replaces galena and 
pyrite. lata pyrito grains (pottled gray) 
around adge. Quarts (q»). Son Julian Vorta 
 vein, San Genaro larvol, San Genaro siine 
(X 30).
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ito, and quartz, glazed with allophane, are characteristic of lata 

mineralization at Son Gonaro. Other manifestations of late hypogeoa 

mineralization at San Genaro include: 1) thin aeaoa of pyrargyrite, 

aiargyrite, sericita, barita t tetrahedrite, galena, and sphalerite 

(also observed in the Ccrro Reliquiaa area); 2) drusy encrustations 

of late barito, galena, and sphalerite (comaon in the district); and 

3) buttons of late sphalerite encrusting all other vein mineral* (sea 

Figure 53) (also well developed at the Santa Tereaita mine).
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Figure 53. Tjrpical example of late hypogone mineraliza­ 
tion. Tiny button* of aphalerita (dark) and 
teba of barite (vhlte) deposited on vein 
quarts. San Juli&i Korta vein, San Cenaro 
level, San Cenoro mioa (XI).
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X. Phyaico-chenlcel conditions of mineralization 

1. Taapcrotura

An indication of the temperatures developed in Caatrovirreyna 

deposit a is given by the iron content of sphalerite. Thia is snail, 

regardless of color, locality, depth, and paragenesis, and ranges 

from 0.003 to 0*08 percent, with an average leas than 0.5 percent 

(see table XXXI), The unifora paucity of iron and the absence of 

pyrrhotite suggest that sphalerite was not in equilibriun with iron 

and fonaed in the presence of excess sulfur. The curves of Kullarud 

(1953) are based on a sphalerite-pyrrhotita system, hence temperatures 

for the Castrovirreyna area extrapolated from these curves will be 

lower than the true temperatures of formation and should be considered 

minimal (Kullerud, 1959). Although the low iron content of Castrovir­ 

reyna sphalerites place thea beyond the limits of accurate extrapolation 

(see Figure 54), temperatures between 50° and 200°C. can be assumed.

the enargite*faraatinite mixture found in the Caudalosa vein indi­ 

cates temperatures above 325°C., the inversion point of enarglta** 

luzonite, and below 600°C., the melting point of enarglte (Skinner, 

1960, and Barton, personal co&sunication, 1963)*

Another estimate of temperature is derived from the wurtalta- 

iphalorite mixtures identified by X-ray diffraction in notarial 

takan frou the 4570 level of the Caudalosa vein. These minerals wore 

deposited with declining temperatures after maximum temperatures were 

reached. This mixture oust have foraed by direct precipitation and 

not inversion as tha wurtzite-cphaleritc inversion point of 1020°C. 

is ouch higher than the melting points of associated lead antidonldas 

Otracsk, 1942), Alien and others (1914) precipitated wurtzite and
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vurt2ita*sphalerita mixtures from slightly acid solutions (pH 5 to 6) 

at teoperaturea froa 250° to 350°C. and completely converted the 

vurtcite thus forced to pure sphalerite, in the aaoe slightly acid 

aolution, by raising the temperatures to above 350°C* Therefore, the 

temperature of formation of the vurtzita-sphalarite oixture at Castro* 

virreyna may not have exceeded 350°C» the extrecaely low iron content 

of this mixture (see table XXXI, analysis 11), suggests that the 

formation tecaperatura was considerable lower than 350°C.

A further clue to the temperature ia provided by the sphalerite* 

chalcopyrite exaolution mixture* Which are found in small amounts la 

all veina in the district (see Figure 23)* Swarms of chalcopyrite 

blebs in sphalerite are, according to Buergcr (1934) and others* a 

product of exsolution between 350° and 400°C, Barton (personal 

cooaunlcatton, 1961) concurs that chalcopyrite vill exsolve from 

sphalerite at these temperatures if cooling is very rapid, but found 

that cooling over periods of 6 to 24 oontha depress the exsolution 

point to at least 250°C.

KaoUnite and sericite, cooaon to all the veins at Castrovirreyna, 

indicate moderate temperatures* Xaolinite fonaa only belov 31CPC. 

(£vell and Inaley, 1935), and aericite fonoa from feldspar (sericiti- 

sation) above 200°C. (Folk, 1947).

Criteria for the lotocr tciaperotures of hypogene nineralizatIon 

at Castrovlrreyna are loss concluslvo than those for ffti**< «s teopera- 

tures* Collofona bending in tho very early and late quarts suggests 

deposition froa a colloidal suspension vhlch probably could not 

 xist above 100°C. (Barton, 1959). Tho lover temperatures of hypogena 

ninorallzatloa probably ranged froa leas than 50° to over 100°C.
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The formation temperature of these deposits thus probably ranged 

from 50° to 350°C. The highest temperatures were developed in the 

deposittonal phase of mineralization; but the low iron content in most 

sphalerite suggests that the bulk of the base-metal and associated 

oinerals of this phase was deposited at temperatures ranging from 

about 150° to 250°C. The very low iron content of late sphalerite and 

the abundance of colloform textures suggest that the temperatures during 

the reworking phase ranged from about 25° to 125°C., the bulk of 

mineralization taking place between 50° and 100°C. 

2. Depth of Formation

The maximta vertical range of mineralization in any one mine in 

the Castrovirreyna district is unknown because none of the mines has 

reached the lover limit of sulfide mineralization. Order-of-magnitude 

calculations of the average depths of formation can be based, however, 

on estimates of the probable amount of post-ore erosion and the known 

depths at which different ore suites are concentrated.

Mineralization is considered younger than all of the volcanic . 

activity because rocks of all ages are cut by mineralized structures. 

Thus, an estimate of post-ore erosion is found in the relation of Cerro 

Qulspejahuar with the surrounding terrane.

Cerro Quispejahuar is a volcanic neck that rises about 355 meters 

above the surrounding andesite flows (see Figure 2). The core of this 

neck consists of vitrophyre and forma a spine that protrudes ISO meters 

above the sloping base. The vitric coro is surrounded by a well- 

Indurated vent breccia, which, in turn, is surrounded by massive 

 adesite flows. As the core of this neck could not have resisted

sufficient to permit thcj removal tha more resistant breccia sn-i
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flow rocka» this spine oust have protruded above the original terrana* 

Therefore, the 175 meters between the ba«a of the spine and the base 

of the volcanic neck massif represent a maximm figure for the depth 

of nonaal erosion in the area, after the formation of the neck, dis­ 

counting glacial scouring.

Baaed on this assumption of 175 meters of post  ore erosion, the 

following figures indicate the approximate depth certain ore suites 

tended to concentrate*

Hypogene silver sulf Ide and sulfantteKmides are most abundant 

from tha present surface to deptha of 150 raters. Thus, hypogane 

concentration of silver minerals vaa at original deptha of 175 to 

325 neters.

An estimate of the depth of formation of the lead-antiaony ores 

at the Caudalosa mine is nore tenuous because the veins crop out on 

the side of a glacially scoured valley. Reconstructing the pro- 

glacial valley profile froa a break in slope above the upper writings 

and adding 175 meters of cover reooved by normal poat-ors erosion, 

indicate that lead sulfantiinonides were best developed at original 

deptha of 235 to at least 425 waters.

Galena, sphalerite, chalcopyrite, and tetrahedrite are most abun­ 

dant in the la Vlrreyna area, which lies in the bottom of a glaciated 

valley. Judging from the height of tba moraines on the valley vails, 

the depth of scouring did not exceed 100 meters* Thus, the original 

depth at vbich this typo of mineralisation vas best developed t*as

 bout 275 netars. For lack of better evidence, the lover limit of 

concentration of this ba&g-oatal mineralisation is considered the s&aa

 a that for lead sulfanttoonida mineralization, which we a superiqposed
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oa base-octal nine ralisat ioa. 

3.

The pressures at which thase deposits foroed ware equal at least 

to the hydrostatic head overlying each deposit, and at noat not ouch 

greater than tha lithostatic head. Using depth of formation values 

mentioned in the preceding section and 2.18 as the average density of 

andeaits, tha following aaxiBUja and aiinisua pressures were calculated.

Qra typ-3 Depth ran go Hydrostatic Lifchoatatic
pressure pressure;

Silver antizacraidea 175-3^5 ma tors 17*31 atxaoa. 47*87 atoos, 

Lead antioonideo 235*425 maters 22*41 atooa. 63*114 a too*.

Lea t!-ainc -copper
su If id 2 3 275*425 meters 26*41 atooa. 74*114 atiaos.

The 30 deposits forsaad at relatively shallow depths in fissures 

that probably nominated at tha surface in hot springs or aqueous 

fiffliarolos aidilar to tho^a of tha Euachocholpa lead -zinc district 25 

kilooetera to tha northeast (see Figure 1). Thus, the lover pressure 

values, calculated on die basis of a hydrostatic head, are probably 

oor* realistic.

4. Physical States

Consideration of the t^npcraturcs, pressures and textural rela* 

tions eu^^23t that tlie ore flultla vcre predominantly in tho liquid 

phaas during nineral deposition. Moat of the sulfide and gan^ua 

deposition is thought to hnvo talc&n place below 250°C. V although 

temperatures probably ranged froa 25° to 350°C. Thus, pressures from 

15 to 45 ataosphsrsa vould piece the dcpoaitlooal environment very 

*>2sr or b^lov the boil ins -point curve of vater, Collofona banding of

:: an.l pyrit-j, collofora cncruatations of alloph^nc, well-developed
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crystals in cavities, and comb structures are all suggestive of a 

liquid environnent.

5. Chemical Conditions

Interpretation of the cheoistry of mineralizing fluids la difficult 

because of the lack of specific phyaico-chenical data and the fact that 

tha resulting mineralization is only a fragmentary record of the com* 

plate mineralizing history*

Although it vva possible to raoka ordsr-ofnoagnitudQ calculations 

for the tenqxjraturea and pressures developed in the Castrovirreyna 

deposits (see Physical Conditions) from available geologic and toincra- 

logic data, estimates of the compositions of die mineralizing fluids 

can be made only if certain basic assumptions are fulfilled. Holland 

(1956), Barnes and Kullcrud (1957) and Barton (1957) stated that in 

order to calculate tha composition of ore fluids from mineralogic data 

one oust assume the following: 1) equilibrium conditions existed 

during precipitation, 2) the environments of deposition of any two 

ninerals used for calculating concentrations were the sane, 3) nineraIs 

used for calculations did not undergo post-depositions! changes, and 

4) colloids were not important. Furthermore, they stated that the 

following mist be evaluated: 1) the relative distribution and types 

of ions present, and 2) the activity coefficients of aqueous ions as 

functions of temperature, prensure, ionic species, and ionic strength.

Consideration of tho paragenoais of the Castrovirreyna ores 

indicates that tha above assumptions and evaluations usually could not 

be made. Tha cyclical nature of the basa-ootal mineralisation and the 

Barked concentration of antimony, silver, and bismuth in tioa and 

Indicate that tha Castrovirreyna deposits represent an
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chemical system in which mineralizing fluids constantly codified the

 olid phase* while they themselves changed* Aa long aa fluids 

continued to circulate through the system they continuously taet new 

environments with vhich they were not in equilibrium and, thus, main­ 

tained a general state of nonequilibriixa* Caapleta equilibria vas 

attained only after the systesa became static, i.e., when aineraliaa* 

tion ceased* Locally, however, equilibrium tended to establish it* 

self, even though the system ss a whole VBS out of equilibrium 

(Thompson, 1959). The attainment of equilibrium locally in a general 

stata of nonequillbrixsa is veil docuocnted by the antlaonian alteration 

of galena to lead suifantiiaonidas at Caudalosa and to a lesser extent, 

by the antiiaonian alteration of acanthite to sulfAntlmonidea at San 

Gecaro. these sulfantiaonldes are arranged around the simple sulfida 

in zones in vhich the antimony content increases with the distance frost 

the sulfida. As the compositions of these sulfsntfcaonides lie on a 

straight line between galena or acanthite and ttibnite (see Figure 55), 

only two minerals can be in equilibrium at a given point, thus, these 

assemblages represent the attainment of local equilibrium between 

mineral pairs In an overall state of nonequilibriuei in the assemblage 

as a whole. The lead sulfantisxmldes appear to have fonaed by the 

reaction of ant&aoniim fluids end galena. Once the first sulfsnt&xmido, 

geocronite, forced by r cp lac coon C of ?bS taolccula by Sb^^k, the galena 

was effectively sealed off froa further contact vith the anticxmian

 olutlona. These solutions then reacted vith the geocronita, replacing 

PbS nolacula vith Sb2$3* forming scmcoyito, and so on (see figure 38)* 

The silver nulfantlncnldcfl are not so markedly distributed around 

acanthite in zones of increasing antimony content. Bovovcr, alternating
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Galena

__>,. Stibnite

M olecular Percent

Figure 55 : Assemblage Diagram of Silver and Lead

Sulfantimoni des
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paira of the acanthite-atibnite transition aeries are never found 

closely associated in space* This suggests that most of the silver 

was precipitated directly aa sulfantimonidea from mineralizing fluids, 

in which the effective concentration of antimony increased with time 

aa the mineralising fluids underwent slight modificationa* This also 

represents deposition in response to locally established equilibrium 

In a system undergoing constant change, These examples of deposition 

under conditions of highly localized equilibrium were recognized only 

because of progressive chemical sorting among related minerals* and 

are interpreted aa typical of normal depositional processed.

Therefore, it is concluded that equilibrium conditions during the 

deposition of an assemblage cannot be assumed unless textures indicate 

simultaneous deposition (exsolutlon or pseudoeutectlc textures) or 

show repeated mutual boundaries between three or more tse&bers. Since 

neither these textures nor these boundaries are coraaon in the Castro- 

virreyna district, it is assumed that equilibrium was not alvaya 

attained during deposition.

Second, it is difficult to aasuma similar conditions of deposition 

for two minerals in a ay a tea where slight changes in the physico- 

chemical environment were the causes of deposition.

third, the formation of sulfantinonldes from galena and acanthits, 

the hydrothermal leaching, and the hypogene enrichiaent of the silver 

ores indicate that post-depositions! chance3 wara important in deter* 

mining the final composition and distribution of many minerals.

Fourth, although the role of colloids is not well understood, 

abundant collofora textures in quartz, pyrlto, rhadochrosite, and

(see Figures 7 and 15); dcaslcstion cracks in quartz; spongy
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balls of pyrita (see Figure 19) suggest that colloidal deposition was 

important In the formation of these gangua minerals and poaaibly the 

a Imp la sulfides of silver and lead during low temperature regime a. 

Finally, the evaluation of the type and distribution of ionic 

species present and their relative activities was not feasible, because 

cooplex ions of antimony, silvert bisouth, arsenic, and poaaibly other 

metals played a predominant role both in natal transport and mineral 

formation. The role of coop lex ions i* deducted froca the fact that

1) tha sequence of deposition does not follow the order of solubilities,

2) the formation of aulfantioonldea is most satisfactorily explained 

by the reaction of siapfe sulfides with an ant loony-sulfur complex, and

3) silver, antinomy, and bis&uth are precipitated in quantity only in 

late, low-toopcratura mineralization although they appear as minor or 

trace constituents earlier.

In order to apply the data of Holland (1959) and Barton (1957) to 

the problem of the composition of the mineralizing fluids, mineral 

assemblages were sought which appeared to have been deposited in equi­ 

librium, which had not undergone post*dcpositional changes, and which 

did not involve colloidal deposition of sulfosalts. This excluded all 

assemblages containing lead* copper, or aliver sulfantioonidas or

 bowing collofora banding. The only assemblages used vcre those whose 

couponcntg ahovcd mutual boundaries and consistent relations with other 

ttinorala* The a a assemblage* are referred to as equilibrium asaerablsgea, 

Unfortunately, many of the possible assemblages that fit the textural 

conditions contained sulfoaalts, for which there is no thenoocheolcal 

data; and many of thoaa that satisfied the chenicai conditions did not

 how th*3 proper textures. Exsolutioii, pSv»udocutectic, and gronular
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textures best fitted the stipulated conditions.

Six assemblages wcro found which net these conditions: 1) sphal* 

erita-chalcopyrita (sea Figure 2S), 2) quartz-galena-sphalerite-chal- 

copyrite (see figure 32), 3} quarts-heiaacita-tfiderittf (soe Figure 47), 

4} quartz*rhodochrosita-atibnite» 5) galena*sphalarit0*barita (aee 

Figure 53), and 6) gypsuxa-ephalerite-atibnite (see Figura 6). Tha 

firat and second assemblages are characteristic of the depositions! 

phase of mineralization, the third and fourth a&seiablagea ara typical 

of tha early part of the reworking phase, the fifth assemblage 

represents final hypogsn*^ mineralisation lata in tha reworking phase, 

and tha si&th aasaoblaga ia typical of supcrgcaa ainerali^ation.

In applying these assemblages to the diagrsoa of Holland (1959) 

it was found that the stability fields for stoat of the component 

ain&rals were so larga and overlapped so greatly that only relatively 

gross changes in tha chemistry of tha mineralizing fluids with tine 

and in space could be calculated. Comparison of tha equilibrium 

 osemblagos found at Castrovirreyna with Holland's diagrams for 

Sb-O-S, Fb-O-S, and Ag*O*S shows that sulfur decreased vith failing 

tenperaturea and with the appearance of auttaony and silver. A 

Similar comparison with the dla^ranj for Ba-G*S and Ca*O*S shows that 

oxygen decreased with falling te&pcratureg end with the appearance 

of C&COg* Consideration of the stability fields of lead, xir.c, and

sulfides shows that the mineralizing fluids vero richer in sulfur 

oxygen during the dapositional phase than during the reworking

; the liaitin-j fugacitiss during tha depositions! phase for $2

frcn 10*10 to l(T20t and for 02 « fugaclty of 10"37 or less. 

es of the fu^acities of C(>2 wcra not possible. Ihey were
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probably very low during the depositions! phase because no carbonate 

minerals were recognized, but increased notably in the reworking phase 

with the appearance of carbonate minerals.

Hinaralization during the reworking phase took place approximately 

between 300° and 40O°K, and aeon* to fall within the linita determined 

by the quartz~siderite*heoatite assemblage* According to Holland's 

Fe-O-S-C diagraa at 300°K, a aiderite-heoatite assemblage indicates a 

002 &»gacity of greater than 10 , a Sj fugacity of 10 to 10 , 

and an Og fugacity of between 10"50 and 10*^°. The average values of 

tha fugacities are plot cod on Plate 4, where they can bo coopered with 

other chcnicai values.

Application of those equilibrium asseciblagea to the anionic 

activity ratio diagram of Barton (1957) generally defines a chemical 

environment only within the vide range of Barton's Hydro thermal Segion* 

two ratios f however, show Ic^ortant changes in the chetaistry of the 

mineralizing fluids. The appearance of slderita in preference to 

pyrite indicates a decline in the S*/CO3* ratio to a point where 

neither iron nor lead nor sine could be deposited as sulfldes, although 

silver could be. Secondly, the occurrences at La Criega and Hadona o£ 

calcite instead of gypsum as a late hypogena mineral indicate an 

increase in the CO-j /SO^ ratio at the end of hypogene mineralisation, 

at these locales at least. These changes are in general agreeaent with 

the data obtained from Holland's diagro&s, nanely a decrease of 83 and 

 a increase of COj with tina.

KstinQtsa of tins hydrogen ion concentration (pH) during mlnerall- 

ara bo sad nostly on gan^uc; minarals. The abundance of kaolinitc 

tha argillisod vsllrock adjacent to tho vein Implies a slightly acid
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environment (Folk, 1947, and Strlnshom, 1952) during the early atage* 

of mineralization, the presence of vurtaita suggests continuing 

acidity (Alien and others, 1914) near mflxinua temperatures, in the 

depositional phase. On tha other hand, the abundant carbonate* and 

aericito deposited during the rewriting phase indicate a neucral or 

slightly basic enviromocnt (Strin^ham, 1952). Furthonaore, the 

formation of heoatita in an onvironoent of decreasing oxygen concen­ 

tration would be facilitated by a saora basic envirorasent (pH above 7). 

Tha presence of ailophane encrusting very lata quarts, galena, and 

sphalerite crystals in vugs, indicates a shift to an acid enviroraaent 

(Stringham, 1952) in tho final stages of hypogene mineralization* 

Despite these changes in the hydrogen ion concentration, it ia doubt* 

ful that tha pU varied aore than a unit or two froa neutral (Barton, 

1959),

Although it ia difficult to obtain precise information on the 

chemistry of the mineralising fluids through the uae of thertaochesaical 

diagrams, an est loots of the relative concentration of metal cations 

in time and apace can ba derived froa the para genetic sequence and 

coning* the relative concentration la considered synonymous with 

Ionic activity or thg availability of an element for deposition. It 

should be emphasized that most of the principal eleoanta found in the 

Gsetrovirreyna deposits rare present in the mineralizing fluids 

throughout the deposition**! and reworking pliasca of iainoralization t 

but they vcre deposited in greatly differing aoounta, according to tlio 

tizao and place. Spcctro^raphic analyses show that even when an element

not appear as a major constituent it is usually present in minor 

trace araounts (SGQ Appendix IV).
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The relative concentration of the Important metallic e lessen 13 

found in the Caatrovirreyna deposits, as determined by their appear* 

ance in tha paragenetie sequence, is plotted as a function of tioe in 

Plate 4. Coopering this graph with the accompany ing par a gene tic chart 

and the graphs of temperature, pH9 and fugacities, the following con- 

eluaiona can be reached: 1) base-oatal mineralisation Is cyclic in 

response to a rise and fall in temperature; 2) basa-octal deposition 

is favored by an acid envirooaeat and relatively high fugacitles of 

02 and S2 ; 3) at higher temperatures, with a low pH, and with relatively 

high fugacities of 02 and 32 , and a low fugacity of COj, silver, bis* 

nuth, manganese, and to a lesser extent antimony were soluble or formed 

cooplexes so that they were deposited in only minor and trace aoounts; 

4) the deposition of ant loony, silver, bisiauth, and raan^anasa and the 

formation of sulfosalts «as favored by low temperatures, a basic

 nvirooBMmt (pG above 7), relatively low fugaclties of 02 and 32 , and 

a high fugaclty of CO2 ; 5) reoobiliaation of silver for hypogcna en* 

richoont vos probably caused by an increase in the fugaclty of C02 

and an increase in pH; 6} the final deposition of base-Beta! sulfides 

nas caused by a shift to an acid environoent and perhaps an increase 

In the tugacity of S2 , therefore, it is concluded that the soning and 

tile coraplex paragQncsis shown by the Castrovlrreyna deposits reflect 

sn intricate interplay between teopereture, pH, ionic activity, and

 ffectiva concentration in mineralizing fluids vhich were constantly 

the product a of thair own deposition.
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L« Localization of or^ahoots and aoning

The local! suit ion and charactsr of vein oatarial is controlled by 

two factors: tha physical setting of deposition and the cheoistry of 

mineralization. Tha physical setting determines the amount of vain 

material that can be deposited at any one site, vhareaa tha chemistry 

of mineralization affects tha character and distribution of ore 

minerals, i.e., souing. Both of thasa etxvironraental factors are 

interdependent, however , be causa mineralizing fluids that exercise 

control on the distribution of vein material need adequate chaztnala 

and depositions! sites to be effective and vice versa* 

1. S truetura1 controla

In the woll-uineralizcd sections of tha veins of the Castro* 

virreyna district the best orashoots foroed v!iera the veins are viJest. 

Thus, within a given environcxmt, ore localisation is principally a 

function of structural features, such as: the degree of offset along 

the fissure, vein configuration, and the coopetanes of tha vallrock.

During the early stagas of mineralization, offset of the vein 

vails was eininal end oreshoots foroed wher^ braceletion and peroeabil- 

ity vure greatest, nsoaly at flexure points and fracture junctions. 

These ore shoots are small, seldom exceeding 2 cetera in width, 15 asters 

In length, and 25 sis tors in depth. Thay aro best illustrated in veins

 t La Virreyna and Ccrro R-liquiaa (sea figure 14 and Plates 14 and 15), 

Continued mcr/ctainta along certain veins, principally along those

 t Cnudalosa and San Cenaro, during mineralisation, increaoad breccia* 

at fl,r^ura points and au&aantad offset of vein vails. In tha

tvard-traiviing Caudalosa and San Pedro veins, i^nsro the north 

sscy/cJ down an<J slightly to the ri^ht (ri^ht-lataral
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displacement), oreshoots tended to fora where the dip flattened or the 

strike veered northwards (see Figure 14). These oreshoots ara up to 

75 actors long, 40 me tars deep, and 3 maters wide. At the San Genaro 

mine continued movements increased offset of the vein walls a taster 

or two, forming nu&srous oreahoots 10 to 30 asters long, 50 to 100 

asters deep, and 1.5 to 2 meters wl la at flexure points.

the formation of gash or tension fractures in veins trending 

northeasterly and northwesterly also helped localize ore accumulation. 

Ore pockets at gash fractures are generally about 5 actors long, 20 

stttsrs deep, and 1 to 3 asters wide (see Figure 14). The fractures 

themselves are seldora mineralised for store than 2 or 3 Aeters from the 

asin vein.

The role of wallrock in controlling vain width was not fully 

evaluated because intense alteration next to vein wails usually 

obscured the nature of the wallrock. Generally the best ground for the 

formation of oreshoots is massive andesite lava. This rock, because of 

its high competence*, shoved aaxitaua offset of vein fissure walls, brec­ 

cia tad without ouch coootinution, and permitted persistence of open 

fractures. Fyroclastic rocks, on the other hand, permitted only a 

Biniaua displacement of walls as thay probably yielded plastically. 

They also were easily triturated, thereby clogging vein channels. Thus, 

veins entering eassive pyroclastic rock tend to be narrow, poorly 

aincralirad, and cocrionly feather out into suall fractures. This is well 

shown at the east end of the San Pedro vein on the 4510 level (sea 

*Ute 10).

2. ZcminR

Vertical end horizontal zoning, which la used herein as rccog-
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nisabl* and conslatent spatial grouping of minerals with respect to 

one another, is evident on all scales from microscopic to district* 

vide at Castrovirreyna.

On a microscopic to local scale, zoning is shown by a consistent 

order of deposition of different minerals in space, in response to 

changes in the chemistry of mineralizing fluids in tine, namely band* 

ing. Ibis banding may be concentric, aa shown by Figure 16, or 

symmetrical. Small-scale zoning also formed in response to localized 

equilibrium conditions is illustrated by the tonal arrangement of lead 

sulfantiiaonides and, to a lesser degree, silver sulfantiaxmides around 

galena and a can th it a in bands which increase in antimony content the 

farther away they are from the pure sulfidas (see Figures 36 and 49).

Vertical zoning is evident throughout tha district by changes in 

grade or character of ore with depth. Lead and sine tend to concentrate 

near the surface and copper tends to increase slightly in tenor with 

depth. Furthermore, at the San Gcnaro mine silver minerals are concen* 

trated near tha surface in considerable quantities by hypogona processes; 

but with increasing depth silver mineralization diminishes below economic 

grade without commensurate increases in the basa-oetal contant nor 

decrease in the total amount of vain material* Throughout the district, 

the grade of ore diminishes in depth without a proportional decrease in 

average vein width.

On a district-wide scale zoning is evident in the distribution of 

the types of mineral deposits of the district. Base-metal veins are 

found throughout the district but are best developed in tha western half 

 round La Virrayno and Cerro Reliquiae (se<a Plata 3). Lead sulfantiroonlds 

mineralization Is confined to veins in the canter of the district at
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Caudalosa, Candclaria, and Hadona; and enargita and fanatinlte are 

found exclusively at Caudalosa. Hypogane silver sulfanti&onida 

mineralization la found only at San Genaro and Astohuaraca in the 

eastern third of the district.

the decrease in the nineralisation temperatures of the deposits 

to the east, and the zonal concentration of base-octal*, lead-ttntiaony 

minerals, and silver-bisouth-entlnony tainorala froa wast to east Inpli 

preferential separation of ba so-octal elozaonta, antimony, and silver 

and bisnuth along thcrtaal and chooical gradients extending from a 

source vest and below the district, the deposition of antiaonian or 

argentian ainerals following baoe<<aatal oineralizatlon in the central 

and eastern portions of the district indicates the concentration of 

sntinony and silver in time, thus, sotting is the product of chssilcal 

differentiation along persistent physico-chemical gradients in tins 

and space.
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COHCLUSIGNS 

Hconoolc

1. Super gene ores of the Castrovirreyna type deposits were 

shallow and usually have been mined out by colonial mining operations, 

except in blind or covered veins that should be looked for.

2. The shallowneas of supergene silver mineralization does not 

preclude the presence of economic concentration of base-metal minerals. 

Thus the shallow, low temperature veins in the Andean andesite rocks 

should be re evaluated as base-metal producers, even though colonial 

Spanish raining operations' cleaned out surficial silver ores.

3. The concentration of silver near the surface at San Genaro 

was mainly a process of hypogene reworking which caused the migration 

of silver along physico-chemical gradients towards the surface (to 

environments with lower tezsperature and pressure). Thus, it is not 

likely that economic concentrations of silver minerals in thia type 

of deposit will be found below the present limits of silver ore.

4. In the Castrovirreyna district future prospecting for silver 

ore should be confined to the San Cenaro area and eastward. Veins more 

than 500 meters long, trending easterly or northeasterly should be 

primary targets. Prospecting should be done to at least 5 meters depth, 

to get below the oxidized and leached portions of tha veins. Around 

the San Genaro mine extensive prospecting also should be dona, on tha

 urface and underground, for secondary fractures (splits) associated

 ith the main veins vrtiich carry rich ore pockets but have no surface

 xpresaion.

5. Since ore minerals at Castrovirreyna were conally distributed

 long physico-chemical gradients in space frota a source of mlneraliza-
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tion vest of the district, it is unlikely that base-octal mineraliza­ 

tion at the eastern~aost deposits, such as San Genaro, will increase 

in tenor at depth.

6. Good base-oatal mineralization can be expected at depth in 

the central and western parts of the Castrovirreyna district, especially 

in veins trending northwesterly. The Caudalosa structure, fron Hadona 

to Bonanza, is particularly promising and should be drilled between the 

Madona, Caudalosa, Candelaria, and Bonanza aines.

General

1. The Castrovirreyna deposits are typical of the shallow veins 

fomcd during Andean orogenetic activities in late Tertiary time, and 

which are most abundant in the volcanic rocks near the crest of the 

Andean Cordillera. Vein fissures were fonned by orogenic forces 

equivalent to east-west compression and the fissures wera reopened 

during mineralization by the release of these forces. Mineralizing 

fluids were derived from the underlying Andean batholith.

2. The Castrovirreyna deposits are relatively shallow deposits, 

in which physico-chemical gradients in tiiaa and space controlled the 

distribution of metals out from a single source west of and below the 

district. Gradients in time are reflected in the order of deposition 

of vein-forming minerals, and gradients in space controlled the 

horizontal and vertical zoning. Recognition of these gradients depends 

on not only the presence of detectable miners logical and compositional 

changes, but also the survival of this record of change through sub­ 

sequent chemical activity.

3. Tha Castrovirreyna deposits represent an open chemical systara 

In which the mineralising fluids wore constantly modifying the dapoai-
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ttonal environment while they theoselvea were undergoing modification. 

Thus, these deposits forced in a general a tat a of nonequlltbri.ua and 

true equilibrium was attained only in a local and restricted sense» 

4. Mineral deposition at any one location took place vith both 

rising and falling temperatures* as the site heated up and then coolad, 

causing both normal and reversed paragenetie sequences. Host minerals 

deposited vith rising temperatures vere redissolved vith subsequent 

increase in teaperature, leaving only vestige*; the bulk of existing 

vein material ww deposited vith falling temperatures.

5. Post-<!epoaitional reworking (dissolution, reprecipitation, 

rearrangement, and alteration of vein-foraing minerals by their own 

mineralizing fluids) vas an tcsportant phenooenum at Castrovirreyna* 

Although this plienocjemsn was only confirmed by the fortaatton of non* 

equilibria sulfant&aonide assemblages from staple sulfldes, reworking 

could explain many of the complex and controversial textures found at 

Castrovirreyna in the base-octal suifldea, and thus, may be more coaaon 

than heretofore realised.

6* Complex ions probably played a dominant role in keeping anti­ 

mony, silver, and bismuth in solution ttntil louer teaperature regtncna, 

permitting these eleosnta to be concentrated in low teaperature and 

pressure environments, and to record the phenooenuni of in situ reworking, 

by their interaction vith existing minerals,

7. The mineralization at Castrovirreyna is the resultant product 

o£ a long period of deposition, dissolution, migration, and reworking, 

 nd ia at best a fragmentary record of tho ponzgenesis.

8. Thertnochcnical data and physlco-chcoical diagrams were of 

use in interpreting t>ie chculatry of mineralization of the
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Castrovlrreyna deposits, because 1) 0031 nineral suites did not fora 

under the ideal conditions required, or 2) the stability field* of 

component minerals was unknown or too great to be indicative.

9. In sucsaary, the Castrovirreyna deposits were formed under 

predominantly nonequilibriua conditions, from fluids containing 

colloids and complex ions, and the resulting minerals were reworked by 

9ubset|uent mineralising flu Ida. These conditiona are not ideal in a 

chemical sens* and are probably coonon at low teoperatures. Thus, a 

chcaaical approach to the problea of low-temperature oinerailzation 

should taks these nonideal conditions into accoimt, Furthfinaoro, vain 

minera 1037 should be studied not only to establish an ordar of deposi­ 

tion, but also to find and interpret mineral assemblages that provide 

eluea to the processes involved in raetal transportation and deposition, 

and which are indicative of particular chemical and physical environ* 

rants or trends in both tioe and space (para&enesis in the European 

sense).
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A* Astohuaraca Hina

Tha Aatohuaraca mine la in the northeast corner of the district 

about 6 kilometers north of Santa In£a and 2 kllooeters west of the 

village of Chociococha (see Plate 2). It lies at about 4700 meters 

altitude and ia accessible over 2 k llama tor a of trail froca tha Piaco- 

Ruancavelica road along the north shore of Laguna Chociococha.

Andes!tic tuffs and tuff breccias underlie tha area. The mine 

explored seven veins , six of which lie in an area 600 meters vide by 

200 net era long. These six veins strike froa North to H. 10° £., and 

dip from 70° SE. to vertical, they are 200 to 500 meters long and 

contain 20 to 50 centimeters of brace la tod wallrock, gouge, and 

quartz, ssaall aaounts of barite, and pods and disseminations of galena, 

sphalerite, pyrite, and pyrargyrite. Veins are enclosed by 2 to 4 

meters of bleached, argilllzed wallrock. The seventh vein* two 

hundred asters south of tha main group, strikes 8. 45° 2., and dips 

80° E. It consists of 1.5 meters of altered rock, with 20 centimeters 

of gouge and quarts containing disseminations of galena, sphalerite, 

pyrite t and pyrargyrite.

The Aatohuaraca mine was worked sporadically from early colonial 

time (Honroy, 1769) to the 19th century. The ruins of a large oanp 

(300 to 400 inhabitants) and a small soolter still stand at the mine. 

According to local legend the Incas worked the mine before the coning 

of the Spanish. Few surface workings are visible and the extent of the 

underground workings ia unknown, as they were inaccessible at the tlma 

of this study. Vatar has always been a serious prob lea in the mine and, 

together with cot* trover a Is a over ownership, has discouraged recent 

 ttcopts to reopen tha mine.
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The nana Astohuaraca ia derived from the Spaniah word asta, meaning 

lance or spear, and che Quechua word huaraca» meaning silver, in allusion 

to the native wire ailver found in th« early day a. 

B. La Griaga Area

The La Griaga area ia on the northern edge of tha district, 4 

kitaaetera north of the San Genaro nine, 6 kilooetera neat of the 

Aatobuaraca mine, and just aouth of the lakes, Laguna Ccesococha and 

Laguna Yanacocha (seo Plate 2). It liea at 4750 mot era altitude and 

ia reached over 6 kilometers of unaurfaced road which branches off the 

Saa Genaro mine road at Laguna Orcococha.

The area ia underlain by andealte flowa and flow breccias that are 

intruded by a snail body of adaoellite surrounded by quarts latite, and 

a larger body of quarts latite porphyry.

The five principal veina of the La Griega area trend H. 75° E., 

and dip 50°-75° M. or 70°-75° S. They crop out for 500 to 1250 meters, 

and are branching and sinuous, averaging 1 meter in width. Mineralisa­ 

tion is irregular and consista of banded, vuggy quarts and aillcified 

vallrock with disseminations, knots, and irregular bands of galena,

 nail amounts of chalcopyrite, sphalerite, rhodochrosite, and pyrita,

 nd rarely tatrahodrita. Finely crystalline encrustations, grainy masses,

 ad fibrous veinlets of calcite are characteristic of thase deposits.

The four northjrrcnost veina lie within the quarts latita-adanalllte

They aro developed by the La Cricga nine, which consists of two 

, each 100 no tars long, and numerous siasll workings. The Mateo 

, vhlch lies 700 metera south of the La Griaga oine, follows the

edga of the soutlicrr^iost quarts latite intrusive and consists 

I to 3 mattsra of quartz with scattered disseminations of sulfidas.
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In 1957 this vein was being explored by a 45 meter shaft. 

C. RjSpida Area

The R£pida area is 5.5 kilometers southwest of Astohuaraca and 2 

kilometers northeast of the Ban Genaro mine estop (see Plate 2), It is 

accessible by road froa the San Genaro miae road. The area is 1.5 

kilometers across and covers tha eastern extension of the veins of the 

San Genaro mine. The mineralization in this area is the low-grade, 

galena-sphalerite mineralization characteristic of veins found avay 

froa the important mineralized centers, rather than the silver sulfanti- 

monides of San Genaro. Veins in the £4pida area range froa 50 to 300 

centlneters wide, and generally consist of banded massive quartz, 

siliceous breccia, soall amount* of manganiferous carbonate, and thin 

bands or disseminations of sphalerite, galena, occasionally pyrlte, 

and a little chalcopyrite. Sulfide mineralization Is erratic and tends 

to be richest nearest the surface.

The area was actively worked during the latter half of the 19th 

century and includes more than ten mines and prospects. The only mine 

active at the time of this study was the Rfipida mine in the southwest 

corner of the area. The Castrovirreyna Metal Mines Company operated the 

RapIda mine on lease froa the Corporation Minora Castrovirreyna froa 

1952 to 1956, and produced over 50,000 tons of lead ore, driving about 

§00 meters of workings on four levels over a vertical range of 100 

meters.

The Rapida mine lies on the east end of the Mpidn vein, whose out­ 

crop extends 1500 meters to tha vest, into the San Julian section of the 

adjacent San Cenaro mine. This vein strikes sinuously from N. 60° V. 

to due vest, having an average trend of N. 70° V. The mine also
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developed another vein atriking H, 70° W. f that liea 75 meters north of 

the 8a>ida vein, as veil aa a mineralized crossover between the Eapida 

vein and the H. 70° U. vein mentioned above. Ihe crossover atrikea 

H. 50° W. these three veins explored at the R4plda aine are nearly 

vertical or dip alightly to the north and average 125 centimeters vide.

Sulfide mineralization ia concentrated near the surface in and 

around the crossover vein between the two east-vest veins; ore tenor 

does not extend to more then 100 meters in depth and about 50 metara oa 

either aide of the crossover Junctions* Vein widths do not decrease 

notably with the decline ia tenor*

the Eleanor a prospect, about 300 maters north of the R4pida mine, 

has several edits, inclined workings, open cuts, and pita which explore 

three veins trending 3. 30° U* they dip steeply to the south, are 75 

to 150 centinetara wide, and crop out for 150 to 250 meters*.

At the Siglo Nu&vo prospect, one kilooatcr north of the Rfipida 

aine, four or five small inaccessible adits explore three sosll veins 

that strike H. 50°«70° B., dip 70° NW. t and are 50 to 150 centimeters 

vide* Enoch (private report, 1905) atated that the quartrosa gossan of 

these veins contained argentita and as tsuch aa an ounce of gold per ton, 

but that otherwise mineralisation vaa poor. Hasias (1929) reported 

that the ore generally ran 100 ounces of silver per ton and the ore 

pockets contained 2000 to 3000 ounces of silver per ton* Accessible 

vein exposures, both surficial and underground are not well minaralieed*

Xha Aranzazu taina, about one kilooetar vest of the &a*pida mine, 

explores the Aranzazu vein on two levola only 10 motera apart vertically 

and Icsa than 100 maters long. Ihia vein strikes from H. 55° to 80° W., 

ns !T. 70° V,, end dipa steeply to the north. It crops out for
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about 2000 meters and is the eastern ex tana ion of the Bella vein, of 

the San Julian section of the neighboring San Genaro oine. At the 

Aranzazu mine, eha Aranasasu vein ia low grade, consisting of massive 

quartz and minor galena and sphalerite, with erratic silver values. It 

averages about 150 centimeters wide.

The Paopaoachay adit, 0.5 kilometers south of the Rflpida mine, is 

185 meters long. It was driven to cut the eastern end of the Trabajo 

(Grou) vein, which is one of the principal veins of the San Genaro oina. 

Although the Trabajo vein was not cut, a low-grade stringer was inter* 

sected at the face and developed for 20 deters before operations were 

stopped in 1955. This stringer strikes N. 60° V. and ranges in width 

from 10 to 100 centimeter*. 

D. San Ceruiro Mine

The San Genaro raiiws is the largest and one of the oldest in the 

district. It was worked in early colonial tides and has been in opera­ 

tion more or less continuously since i860. This mine lies 2.5 kilo* 

net era north of Laguna Orcococha, Just northwest of Laguna Yanacocha (see 

PLnte 2}, and is rectchsd by 7 kilometers of unsurfaced road that branches 

froa the Pisca-Huancavelica road at the east end of Laguna Orcococha. 

Ore is concentrated in a 130 tons/day flocation mill, located a few 

hundred yards froa the main portal. Power is supplied to the mine and

 ill by a 1500 kva hydroelectric plant at Santa In£s t 7 kilcraatars south*

 ast of the mine, on the west shore of Laguna Choclococha.

The San Gcnaro mine has about 20 kilon*3ters of workings on 13 

ls, neat of which are accessible. Present operations include the

of old, near-surface workings. Vertical spacing between levels 

la 10 to 40 meters, and averages about 30 meters. Th-a portal of the
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principal or San Genaro level lies At an altitude of 4773 cetera above 

sea level. The lowest level, the 105 lavel, lies at 466& aeters and 

Cha highest level is at 4956 actors altitude. The deepest workings, 

however, seldom extend more than 200 meters below outcrops. The mine 

has two shafts, one on tha Trabajo vein which connects tha San Genaro 

level with the 35, 70 and 105 levels, and another on the San Julldn 

vein, from the 70 and 105 levels.

Tha best silver mineralization at San Genaro lies within an oval 

area, about 1200 meters by 800 meters, centered around Cerro Quespisisa 

(sea Figure 56)* This area is underlain by massive andeslte and minor 

andesite igneous braccia, and is surrounded by bedded andeslte lavas 

and pyroclasties that tend to dip away from Cerro Queapislaa, suggesting 

that it is the core of a volcanic vent. West of this area silver veins 

pinch out upon entering the bedded volcanic rocks. To the east the 

larger veins extend 500 netera or rare into the bedded volcanic rocks, 

but beyond the limits of the massive andesite only contain mediocre to 

fair lead-sine mineralization similar to that found throughout the 

district.

The larger veins at San Genaro are 50 to 200 centimeters vide, 

averaging 120 centimeters, and the smaller ones range from 10 to 50 

centlractcra vide and average about 30 centimeters* Vein material 

generally is not fractured but in places it has been brecciated and re- 

cemented during mineralization (see Figure 10).

the veins are typical of shallow epithoraoi bonanza-typo silver 

deposits, and contain complex silver ores that are enriched tot/arc!s 

tha surface. Suifide minerals are galena, sphalarite, chalcopyrita, 

tetraheJrite, pyrargyrita, polybaoite, miargyrite, acanthito, paarceitc,
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aramayolta, and stlbnlte. tangue minerals are quarts, pyrita, barite, 

aiderite, rhodochroslte, hematite, marcaslta, amethyst, quarts* clay 

minerals, and sorlcite. Vein material la porous and comb structures, 

vugs, and druses are abundant. Cavities are lined vlth snail quarts 

crystals, or, less cannonly, crystals of barlte, galena, sphalerite, 

pyrargyrite, polybaslte, mlargyrita, and tetrahedrite. Crystals 

generally are not larger than 3 millimeters. Many cavities are 

completely filled vlth crustifiad aggregates of the above minerals.

Crust If lad banding la veil developed, and cockade ore vaa noted 

where breccia fragments are present. Banding tends to be symmetrical 

and well-da fined. Host bands are massive milky quarts containing 

disseminated serlclte or hematite. Others are quarts vlth disseminated 

sulfides. Still other bands are graca or amethystine quarts, sericite, 

siderite, or, rarely, pure galena or sphalerite. Banding is oscillatory 

in places and bands are sinuous, Irregular, and even colloform, ranging 

in width from 0.5 to 30 centimeters. The generalised sequence from the 

center of a typical vein outward Is: crystalline quarts with silver 

sulfide and sulfantlsaonldes, milky quarts, quarts with hematite needles, 

quarts vlth massive chalcopyrite and disseminated pyrita, and, finally, 

quarts vlth dissarainatlous of sphalerite end galena*

Silver mineralization can be grouped into five general types based 

on mode of occurrence and miiteralogical associations.

1) Dear-surface silver mineralisation is characterised by sooty 

Or plunosa acanthtte coating primary vein minerals, native viro silver 

enclosed in quarts end barite, and thin films of acanthlte and pyrargy- 

rite coating and replacing primary sulf ides. Silver ores of this typo 

restricted to tha upper 25 to 40 octers of the vein, and are most
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abundant from 5 to 20 02 tar a below the surface. Old report a atated 

that aurficial orea, probably of thia typo, had aa much aa 5 percent 

ailver. Thia mineralization ia considered supergone.

2) The most important type of ailver mineralisation, from tho 

standpoint of modern mining economy, ia the enriched aulfida ore in 

the upper 100 meters of the veins. Silver content of thia ore ia lover 

than in the surflciai ore a but ia notably higher than in the other 

types. In recent operations, or a a of thia type contain up to 5 kilo- 

grama of ailver per ton, and average betwaan 300 and 600 grama of ailver 

per ton. Thia ailver mineralization cons 1st a of massive to aeoiporoua 

cryatalline aggregated of pyrargyrite, miargyrite, and polybasite, 

associated wich quartz and barita, and contains amall amounts of 

sphalerite, galena, tetrabedrite, and aramayoite. Sulfide minerals 

cement breccia ted vein quarts, line vugs in quarts, or form large 

pods; and oro interpreted aa products of hypogene enrichment.

3) A third type of silver mineralization, also coocaoa in the 

upper 100 oat era of the veins, ia associated with eolloform banded 

gangue. Silver minerals are principally pyrargyrite and siiargyrite, 

vith lesser amount a of poiybasite; thay are invariably associated vith 

alderita quartz, aaricito, pyrite, and tetrahedrite. Silver minerals 

are generally restricted to those bands containing quarts (see figure 

51) and vura deposited prior to reworking and hypogene enrichment of 

 ilver.

4) A fourth typa of silver minoralixatian consists of anhodral 

trains of pyrargyrits, mlargyrite, polybasite, pearceite, and acanthite 

in narrow scams of quarts. Silver sntixaonidos conraanly form good

qoartz is vi247y. The quarta is clear and aacliuia grained,
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and contains only the aforementioned silver minerals and minor amounts 

of gold (sea Figure 49). These quartz seams cut the base-metal 

portions of the veins and are common throughout the known extent of the 

silver veins. This type of silver mineralization represents unenriched 

hypogene ore.

5) The fifth and most widespread type of silver minerals consists 

of thin films of fine- to medium-grained crystalline aggregates of 

pyrargyrite and miargyrite filling or coating cracks in primary vein 

material. Silver minerals are associated with tetrahedrite, sericite, 

galena, and sphalerite and,they coat both sulfide and gangue minerals 

along small irregular seams and cracks cutting massive vein material. 

These films of silver minerals are seldom more than 1 millimeter thick. 

They represent final hypogene mineralization.

Base-metal mineralization at San Genaro can be separated into two 

general types, representing early and late stages of mineralization. 

The older base-metal sulfides, which include galena, tetrahedrite, 

sphalerite, chalcopyrite, and pyrite, are found as fine-grained dis­ 

seminations, pods or thin stringers in massive banded quartz. Bands 

containing these sulfides are 1 to 10 centimeters wide and are generally 

found nearer the vein walls than the centers. The silver content of 

these base-metal bearing bands is low, probably less than 100 grams per 

ton, even though galena and tetrahedrite carry silver (see Tables 

XXVIII and XXXVI). Silver minerals are rare and when present replace 

basa-nietal sulfides. Abundant quartz and dig seminations of hematite 

«re the principal gangua minerals associated with this type of minerali­ 

zation.
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The lace base-es^cal oin&raiization consist3 of snail amounts of 

gaiona, sphalerite, tetrahedrite, and pyrite disseminated In quarts 

bands, and coats or fills cavities in vuggy quarts as small crystals 

or grains. This lata baaa-metal ainerallz&tion is associated with the 

last three types of silver aincralibation.

In general basa-eatal tanor is too low to be olned alone econoai- 

cally: lead averages about 1 percent, ainc about 1.5 percent, and 

copper about 0.1 percent or less. Base-metal values are relatively 

constant in depth, increasing only slightly towards the surface, thus, 

where silver values arts less than about 200 grams per ton raining 

becocias uneconasaical. 3o attsc^t is mada to recover the sine at San 

Cenaro, but capper and lead are recovered with the silver.

The Sail Genaro uinc has exploited about seven strong veins and 

taora than 13 minor veiae in the southern and western portion of the 

vain network around San Genaro (see figure 56). the eastarti portion 

of this network la tho &£plda area, discussed previoaaly, and the 

northern portion is explored by a few inaccessible adits. Th& veins 

explored in tba San Genaro mine lie in three ays teats 200 to 400 asters

 part, each of which has a major vain and numerous splits (sea Figure 

26). the aajor veins, froa north to south, are San Julian, Quespislsa, 

and Trabajo. Tim San Julldn and Quaspisisa vein systems are roughly 

parallel, trending northeasterly to northeasterly. The Trabajo vain, 

however, trends easterly throughout ita lengdt. Minor veim split off

 t Si.iall anglos froa either the footwall or the hanging vail of the 

twjoi; vcina, and era, in genoral, narrow and low grada for the first 

10 to 15 s&tars, aftar which they any increase in width and 

tion aad strika parallel the parent vein.
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Tha veins of the Trabajo and Quespisisa systeas have been worked 

out, and activity is currently concentrated in tha central and eastern 

part of tha Saa Julian ay a tern.

The southernmost vein in tha San Gormro mine, the Trabajo, trends 

N. 35° 5., generally dips steeply north, and crops out for more than 2 

kiloootera. This vein has been worked from the surface to the 105 level, 

a vertical distance ranging fron 140 to 170 meters, and has been ex* 

plorod for more than 2000 tact era along tha San Geoaro mad Hino Jesus 

levels (see Plate 5). locally the Trabajo vein is sinuous and erratic 

in strike, dip, and width; strike ranges from Jf. 50° 8* to H. 70 tf.» 

dip lies between 70° S. and 60° 21., and width ranges from 20 to 200 

centime tor a* Vein material usually consists of strongly banded, aaasive 

quarts and ailiclfied wallrock, with bands, disseminations, and pods of 

sulfides. The Trabajo and related veins are oore saassive than others 

in the mine, and contain zaoro henatite, siliceous breccia, and less 

gouge and clay.

The widest and best mineralized sections of die Trabajo veins 

strike approximately east* These sections average 125 centimeters vide 

and are 50 to 300 meters long. They are connected to one another by 

narrow, weakly mineralised crossovers, which gonorally strike either 

H. 60° V. or N. 60° E. and are 30 to 200 tracers long. The central and 

neatem parts of the Trabajo vein have yielded the largest amounts of 

ore, and are stopod over a vertical distance of about 75 meter a, from 

the surface to below the 35 level (4733 rasters elevation) and along the 

 trike for nearly 6CO 02tars. Silver content decreases steadily with 

4cpth and mineral exploitation vna not economic beyond about 13 taetera 

tha 35 level. Explorations on the 70 level (4703 outers eleva-
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tion) and 105 level (4663 raetara elevation) revealed only low-grade 

lead-sine mineralization.

The eastern end of the Trabajo vein, called the Grau vein, ia 

particularly erratic in both attitude and mineralization and ia 

accompanied by nuQ&roua splits and parallel structures. The width of 

the Grau vein averages 60 centimeters, and metal content ia lover than 

ia other part a of the Trabajo vain, and only a few isolated shoots and 

splits have yielded ore* The eastern end of die Trabajo vein feathers 

out in bedded volcanica, whereas the western end terminates abruptly 

in pyroclastic rocks.

Minor veins associated with the Trabajo vein have produced good 

ore in limited amounts. They strike from ». 60° to 35° S. and dip 

 taeply north or south, paralleling or diverging slightly from the 

Trabajo vein. Those minor veins generally have a single ore shoot, 

10 to 40 meters long by 20 to 50 aster a high by 50 to 125 centiaatera 

wide, located 15 to 40 maters from the stain vein. In the eastern 

section, most of the minor veins lie on the north aide of the Trabajo 

vein and trend east to northeast. Elscrwhere, they lie on the south 

aide of the Trabajo vein and trend southeast. From eaat to vest these 

minor veins are: Grau Horta, Contacto, Sacondido, Boertl, Milagro, 

Genarito, Salvadora, and Poder (sea Plata 5). The Baartl, Mllagro, 

Genarito and Salvalora veins turva produced tha moot ora.

the Quaapiaiso vein lies about 200 to 300 meters north of the 

Trabajo vein (see Plata 5). It is arcuate, trending east to northeast, 

dips steeply to the norths at, and crops out for about 1000 meters. It 

has been explored for about 700 meters horizontally and over 200 maters 

vertically, froa tho surface to the 70 Icsval, Tha vast am half of tha
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Queapisisa vein, tdiich ia the beat mineralised, strikes from 8. 45°- 

65° 2. end dies out to the vest shortly after entering the bedded 

volcanic rocks. The eastern part of the vein trenda easterly and 

apiita into several barren fractures, the largest of vhlch strikes 

H. 60° 2. to H. 30° W. Dips of the Quespiaisa vein range frost 50° to 

75° NW. Vein width ranges front 75 to 130 centimeters, but is relatively 

constant in eny one section.

Vein notarial usually is well-bended massive quarts with bands, 

disseminations, and pods of fine-grained sulfides. Silver minerals 

are OOTCJ obvious in the Quespisiaa vein than in the Trabajo vain, but 

not so prominent aa in the San Jultdn section, the Quespisisa vein 

and its splits contain nor a taanganiferoua siderite and atacthyst than 

the others. Silver ore in this vein bottoms near the 70 level (4703 

raetars altitude). The richest hypogene ore wes in the central part of 

the vein between the 35 level (4733 asters altitude) and the San 

Antonio level, 90 metera above. The aost famous of several excellent 

ore shoots woa the Boya de la Crux, yielded 3,000,000 ounces of silver 

(Hasiatt, 1929).

Only tvo minor veins associated widi the Quespisisa vein have 

produced ore: the &&vuolta«340 and the Huacrapaquina veins. The 

Revuclta-340 vein splits to the no rtlive at off the hanging wall of the 

Quespisisa vein (sea Plata 5), and consists of a narrow crossover

 action called the 340 vein, and the Rcsvualta vein. The Bevuelta vein 

roughly parallels tho Quespisisa vein, strikes W. 60°-70° I. t dips 70°- 

80° H., and is 150 to 190 niters lonj. tha 340 vein sequent of the

 plit strikes H. 85° W., dij>o 80°~a5° ». end is 100 to 150 asters lone- 

It is vaakly ainoralisad for th<3 first 10 to 15 motors froa the Qusspi-
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sisa vein. the vidth of the Ravueit*-340 vein range* froa 10 to 300 

centimeters and i* erratic in attitude ami o&tal content.

The Quacrapaquina vein split* off to the oast froa the foot we 11 

of the Quaspisisa vein at about the uan Aafcjnio level. It trend* east,

dips about 60° N. and nearly parallel* the eastemaost, barren section 

of titfj Quespisisa vein. It has been explored on three levels for about 

300 meters horizontally and probably 40 meter a vertically* Xhe vein 

averages 60 cent iae tors vide. It is largely oiacd out and moat of the 

workings are now inaccessible.

The San Julian section is about 400 ousters northwest of the Quespi- 

sisa vein and contains several long vein* and important split* occupying

* bait about 200 meters vide and 850 meter* long (see Plate 3 and Figure 

56)   Host of thsse veins trend northeast and terminate against the 

fc north-westward-trending BclLa-Aranzazu vein, vhich extends eaat to die 

JUpicia area. The best ore has been found in the Bella vein and the 

we stem half of the Son Julian veins*

The attitude of the San Julidn veins is erratic; strikes range from 

St. 40° E. to E.-tf., dips froa 65° H. to 60° S, t and widths from 20 to 

300 centime* tors. Minor veins, vhich generally split off the football 

of the principal veins at flexure points are abundant (sae Plate 6)* 

These minor veins ars usually narrow, lov gradg, and dia out vithin 5 

to 10 maters* Sooe of thea contain srzall pockets of ore and a fev KQVQ 

si&abla ore shoots.

Vein m.itcrlal of the San Julidn vaina consiata of thinly bonded, 

porous, variegated quartz, and thin bimds, knots , r.id disseainatlons of

 ulfi-io minerals. Individual bands ar^ thin cnJ vu-a and open ccob 

W  tructurea era cooaoa. Clay and gou^c arc more abundant in the San
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Julian veins than other veins at San Genaro; aud vein material la 

slightly breccia ted, aa in the Trabajo vein, suggesting poocore oove- 

aent* The eilver and copper content of the San Julian veins la higher 

than in tha other veins at San Genaro, whereas tha lead and zinc contents 

are slightly lower.

Tha San Julian vein it the principal vein of tha group. It crops 

out for at least 750 meters, trcnda B, 50° S. and dipa 70° U. to 70° S. 

Tha San Julian vein has been worked for 700 rasters horizontally and on 

eight levels and nuaerous surface workings, to a depth of over 200 

meters below its outcrop. Silver ore bottoms at the 70 level, 100 to 

125 meters below the surface*

The San Julian Horte vain splits northaadt off tha hanging vail of 

the vest end of the San Julian vain and strikes parallel to it, but has 

a lover dip, about 73d S. It cropa out for at least 750 rasters aud may 

continue another 1000 saetera to the northeast of the 3ella~Aranza2u 

vein, the San Julian Korta vein has been worked from the surface to 

the 35 level, a vertical distance of about 140 rasters.

Tha southernmost vein of the San Julia'a group la the A la Janeiro 

vein, which lies southeast of the San Julian vein, which it may Join at 

Its northeastern and southwestern ends. The AlajanJro vein strikes 

8. 40° I., dips 30° M., and cropa out for about 600 actors horizontally, 

on five levels over a vertical range of 130 maters.

The San Julidn Sur vela, another important vein in this group, 

splits off to the couthveat frora tha footvell of the trestern end of the 

San Juli£a vein, below the San Ceoaro level. It trends H, 60° E., dips 

steeply to the south but has no outcrop. This vein explored for 230 

o»e tar a horizontally and frcxa the 35 level (4733 notero elevation) to
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tha 105 leva! (4663 raters elevation), but baa only produced ore from 

tha San Genaro level (4773 raters elevation) to tha 70 level (4733 

asters).

The Bella vein, against which the Son Julian vaina terminate (see 

Figure 56) strikes ». 30* W. and dips 45° 3. It haa been explored for 

over 350 meters horizontally and 100 alters vertically on four levels* 

This vein is tha west era end of the Aransazu vein and was opened up 

after the writer's last visit to the mine. 

2* Tha Hadona Area

the Hadona area is on the veat shore of a northern arm of leguna 

Orcococha, about 3 kiloaotera nest of San Genaro and 1*5 kilometers 

east of Caudalosa (see Plate 2). tha three principal nines of tha 

area, Hadona, Cau<ialoaa So. 2, and Pitonisa, are owned by the Corpora* 

cifin Minera Castrovirreyna, but only the first two waro active frora 

1954-1957*

Andeaitlc pyroclastica, mostly lapilli or ash tuffs, capped by 

aztdesite flow rocks underlie tho Haclona area. Four veins or mineralized 

sones striking N. 70°-35° W., and dipping $5° Iff. to vertical, were 

recognised in an area about 750 meters vide* these veins probably are 

the eastward continuation of the veins of the Caudttlosa mine, the 

Pitonisa vein corresponding to the San Pedro vein and the Madona 

elncralized zona corra3pondin3 to tha C.udaloca vein, the presence of 

scvill aoounts of stibnita, zinkenitG, and rhodochroslte, minerals 

characteristic of the 3an Pedro and Candaloca veins, supports this 

structural correlation.

Tha northernmost vein, Pitonisa, trends about N, 80° W. t and 

consists of a serlas of H. 70° W. veins in echelon and connected by
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crossovers striking ft. &C°-£5° S. louividual veina dip 70° S« to 

vertical and consist of 1 to 2 oatara of bleached, arglllized rode 

enclosing 10 Co 70 centioetara or breccia and gouge with 1 to 40 

centisvsters 01 quartz and suall anounca or sphalerite, galena, tatra- 

hedrita, stibnita, and pyrita. Mineralization ia generally weak. An 

adit 120 meters long ooar thy lake shora an«i several pita am trendies 

explore tills vsia.

the Caudalosa **o. 2 vein lies about 3UO raters north o£ the 

Pltoalsa vein. It ha* b^«a explored by an adit 200 nctera long and a 

30 uxttGra vinsa. Ihia vain strike a «. SS° W., dips 70° N. to vertical* 

and lisa in axu&sitic tu£f juat balow ita contact with the overlying 

lava. A rich ore shoot ixi this vein waa found juat below the tuff* 

aadeaite contact i it wa» 100 tieteid lou&, about 15 taetars hi^jh, and 

averaged over a taster vide. It ia 40 to 100 cent looter s wide and 

consista of a bracctatcd argillised uallrock impregnated with silica 

and cliasemiruitcd galena and sphalerite, and ccaented by quarts, 

rhodochrosita, and naasiva galena, sphalerite, chalcopyrice, tetra* 

hedrite, and aruall aoouuta of pyrita and heoatite. To the west, 

approximately at tha contact of the Cuff with the overlying andeaite, 

the Caudalosa Ho. 2 vein dies out a-a in at a weakly aineralised vein 

 triking H. 65° W. and dipping 70° to vertical.

the Madona veina lie obcut 200 utters north of Cnudaloao No. 2. 

they have been developed frco tv,o adiu levels, 40 oat era apart vertically, 

the lover adit h&ving sore than 770 oetcra of workings and tha upper 

ftdit 300 meters, tha veins lie in a zone 20 to 40 ujctera wide which 

treada R. 7S° W. (see Plate 7). Within thia zone, two long veins and 

Varioua snallur veins and splits lace back aad forth with two pro-
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dominant trends, H. 85° E. and H. 65°-75° V. The veins are 20 Co 125 

centimeters wida and contain gouge and brecciated altered vallrock 

cemented and partially replaced by vein minerals or enclosing a stringer 

of vein minerals 10 to 40 centimeters vide. Vein minerals include 

quartz, rhodochrosite, calcita, galena, sphalerite, tetrahedrite, 

chalcopyrite, and pyrite. Vein material is banded and medium- to 

coarse-grained. Vein vails are sharp and marked by 5 to 20 centioeters 

of gouge. Mineralization is erratic, and best developed in sections 

striking ». 65°-75° W. Ore shoots are small, seldom exceeding 10 meters 

in length, 1.5 meters in width, and 20 meters in height. 

F. Caudaloaa Mine

The Caudalosa mine is in the center of the district, 2 kilometers 

north of the vest end of Laguna Orcococha (see Plate 2). It is reached 

over 3 kilometers of narrow unsurfaced road that connects with the Pisco- 

Huancavelica road just southwest of Laguna Orcococha. The mine explores 

tvo strong veins, the Caudalosa and the San Pedro veins, which are 

exposed on the face of a cliff of andesitic lavas and pyroclastic 

rocks. These veins vere worked superficially during colonial times, 

but extensive underground operations vere not started until the end of 

the 19th century. The mine has nearly 15 kilometers of galleries, *a<* 

workings extend froa 4530 to 4830 meters elevation (see Plate 8). * tvo 

compartment shaft extends from the surface to the 4570 meter level and

 ervices the three principal levels of the mine, the 4640, 4610, and 

4570 meter levels. The upper workings are adit levels, eight of which

 re on the Caudalosa vein and four on the San Pedro vein* The lowest 

level (4530 meter level) vas driven after the work for this report vas 

, so no information is available.



- 172 -

Lead, copper, and zinc are the principal oetals mined and con* 

csntrated at C^udaloaa. About 20 to 250 grans of silver per ton, 10 

to 20 grams of bisouth per ton and 0.1 to 0.5 grama of gold per ton 

are also recovered in the lead-copper concentrates. Ore is concentrated 

at the zaina in a a ink-and-float and flotation plant, which can handle 

150 tons per day. Power for the tains and mill are supplied by diesel 

engines located at the nine.

The Caudal030 and San Pedro veins trend vest-northwest, and dip 

steeply to the south (see Plates 9 and 10). They diverge slightly 

towards the east, and lie 120 to 250 notera apart* These veins are at 

least two kilometers long, and probably extend at least from the 

Camlalaria mine, northwest of Caudalosa, to tha Madona area in the 

southeast, a total distance of 3 kilooatars. These two veins average 

90 centimeters wida but ara up to 5 outers wide in places. They are 

coopoaad of alternating bands, 1 to 75 ccntineters wide, of gou^e, 

breccia, altered wallrock, quarts, rhodochrosite, and sulfides. 

Sulfide stringers are 1 to 50 centimeters wide, and two or more stringers 

oay be present. Both veins, and in particular the Caudalosa, are accom­ 

panied and in a few places cut by late gouge-filled faults containing 

stibnite. Surface napping indicates reverse dip slip taovenient along 

the vein «onea with an apparent vertical displacement of 25 to 30 mctern.

Wollrock in tha upper part of die Caudalosa aina is andesite lava, 

but below tha Tcn&rario level (A6o5 meters altitude) andesite pyro- 

clastlca prsd<^sinati2. Tlicse pyroclastic rocks consist of fine- to 

Ta£Jii£n-£rain2<i anJesita crystal an*l ash tuffs, scattered lenses of 

audcsita, lava, and, in tha lower portions, subordinate tuff breccias. 

Thia pyroclaacic unit, 130 octets thick juat south of the Son Pcdro
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vein, can be traced to the Hadona and San Genaro areas (see Plate 2).

Vein minerals consist of stringers, knots, and disseminations of 

suIfIdas in brecciated, partly silicifled vallrock, gouge, quartz, some 

rhodochrosite, and barita; rarely gypsum, realgar, and orpimsnt. Galena, 

pyrite, sphalerite, stibnite, and sulfosalts of lead and copper are the 

abundant sulfidea. The sulfosalts are predominantly antimonian, and 

are, in order of abundance, tetrahedrite, semseyite, geocronite, sin* 

kenice, bournonita, enargite, famatinite, and chalcostibite. The lead 

antinonides, i.e., semseyite, geocronite, and ainkenite, are best 

developed between the San Felipe level (4760 aetars elevation) and the 

4610 meter level in the Caudalosa vein, and between the San Pedro level 

(4700 meters elevation) and the 4610 meter level in the San Pedro vein. 

Although both veins contain bournonita and tetrahedrite throughout, 

these and other copper sulfosalts are best developed at and below the 

4610 meter level.

Banding of suIfidea is well developed, although individual bands 

may be irregular or lenticular. The bands are from 1 to 75 centimeters 

vide. Although sulfides show symmetrical banding the vein as a whole 

is usually asymmetrically banded (see Figure 11). Vugs and cavities 

are not cosaaon, and whan present are generally only 1 to 5 centimeters 

in diameter and usually lined with quartz, pyrite, sphalerite, or lead 

or coppor sulfosalts, or late minerals such as stibnite, barite, or 

gypsum. Some cavities are filled with botryoidal growths of sulfides, 

individual knobs of which are 5 to 10 centiliters in dianeter at the 

base and 1 to 5 centimeters high and are made up of concentric layers 

of different sulfides (s^e figure 16). Mineralization is not uniformly 

distributed along tha veins, and especially on tho lover levels, and
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long stretches of low-grade or barren Material, consisting mainly of 

gouge, partly sillcified breccia* and quarts are present,

The principal factor controlling ore deposition was vein attitude; 

the oost favorable sitas for ore accunulation were sections with low 

dips (45°-65°) (see Figure 14). Larger ore shoots attain lengths of 

50 to 75 me tars, heights of 20 to 40 maters t and range in width from 

1 to 3 meters. Smaller ore pockets, 5 to 15 meters long, 5 to 20 

act arc high, and 1 to 2 seters wide, are cosxaon at flexure in both dip 

and strike.

Splits are not very Important and usually mineralized for only 

short distances. The best mineralised of these are: 1) a loop split* 

ting off the hanging wall of the Caudslosa frota the Tencrario to the 

Sen fellpe levels; 2) a vein splitting off to the east of the 4640 level 

of the Caudalosa vein and developed for 50 asters on the Tenersrto level; 

and 3) an unnamed vein developed for 75 meters on the Victoria Nueva 

level, that is probably a split to the southeast off the hanging wall of 

the San Pedro vein. Within 200 casters of either side of the main veins 

four or five weakly mineralised structures have been explored without 

promising results. These structures are parallel to the main veins and 

have no visible connect ion with them*

Caudalosa> the northernooat of the two major veins, is the best 

mineralized (sea Plate 9). It has bean developed for 245 rasters 

vertically and 40 to 1200 asters horizontally on ten levels. It strikes 

V* 00° V. at the eastern end and H. 60° V, at the western end. Dips 

range from 70° S. to 70° N., but tend to be steeply southward. Width 

fauces froa 10 to 200 centimeters and averages about 85 centiiaeters. 

landing in the Caudalosa vein is more cooplex and individual widths 

narrower than in the Sen Podro vein. Rhodochrosite, stibnita, and tha
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sulfosalts are ooro abundant in the Caudalosa vein, and enargita, 

faoatinite, and chalcoatibite are restricted to it.

The San Fedro vein has been developed for 260 meters vertically 

and for 60 to ICO racers on seven levels (see Plato 10). It strikes 

N. 30° E. at the eastern end and 3. 50° W. at the western. Dips range 

from 40° 3. cm the upper levels to 60° N. on the lover. Widths range 

from 20 to 200 ceatizaeters and average about 95 cent 122x2ters. Vein 

material is more siliceous, less mineralized, and contains acre breccia 

than the Caudalosa vein. Barite is more common in the San Pedro vein, 

especially in the upper levels, than in the Caudalosa vein. 

6. Candelaria Area

The Candelaria area is 1.5 kilometers northwest of Caudalosa (see 

Plates 2 and 3), at an altitude of 4750 to 4350 meters, and is only 

accessible by trail from Caudalosa.

The andesite flow rocks of the area are cut by a belt of weakly 

mineralized veins, which is 150 to 250 maters wide and over 1000 meters 

long. The belt trends N* 70° W. on its eastern end, and 8* 80° S. to 

the vest* This belt la probably the continuation of the Caudalosa and 

San Pedro veins of the Caudalosa mine, but correlation is tentative as 

the intervening area is covered with glacial debris.

Mineralization within this belt follows tvo principal seta of 

fractures, one striking H. 70° W. and di^iii^ 60°-90° H, to vertical,

anJ tha other strikina ». 50° W. and dipping 70°«7^>H, A minor set of 

mineralised fractures striking N. 6tf°~9Q° B. and dipping 70°-90° S. is

cod-ion in the vestern end of tha zone.

The veins in the Candelaria area ara 20 to 100 contir-Ktars vide and
*i

cir°P out for 30 to 1000 oaters. They contain principally breccia,
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and silicified rock, with 5 to 50 centimeters of quarts, pyrite, 

sphalerite, galena, totrahedrito, geocronite, semseyite, ainlcenits, 

and disseminated hematite. Overall mineralisation is generally shallow 

and contains few sulfides. Mineable quantities of sulfides were only 

seen in one vein, striking M. 70 V*

The principal underground workings of tha area are the three adits 

of the Candolarta mine. The lowest of these, level 1, lies at 4740 

meters altitude, and explores the probable extension of the Caudalosa 

vein for more than 175 meters. Level 2, a 225 meter crosscut, lies 

25 maters higher» and level 3 is a small crosscut* Elsewhere within 

the area the veins have been explored by numerous pits and seal! adits 

which are all inaccessible, 

H« Bonaaza«Sejguridad*Yahuarcocha Area

The &Kianza*Seguridad->Yahuarcocha area is in the northwest corner 

of the district, about 3 kilometers north of Leguna La Virreyna (see 

Plates 2 and 3). This area is about 750 asters wide and extends from 

the north slope of Ccrro Santa Crux to Laguna Yahuarcocha, about 3.5 

kilometera to the wast. It is reached only by trail from Laguna Ls 

Virreyna or tha Caudalosa mine. Altitudes of tha mine workings ranga 

from 4500 to 4750 tasters.

The veins of this aroa were certainly known to Spanish colonial 

mines, but apparently no extensive work was done until the end of tha 

19th century. Early in the 20th century August in Arias and others 

operated nines in this area, but production was goal! and mining 

Activity short-lived, The ruins of two large nine canps at Bonanza 

snd Yahuarcocha and remnants of a we 11-cons true ted vagon road Indicate 

fonaer activity, which opened an estimated 2500 maters of working in



- 177 -

 003 15 to 20 adits.

flat-lying andaaite flows and flow breccias Interbedded with small 

anounta of andesitic pyroclastics under lid tha area. On the north 

slope of Cerro Santa Crua ara a series of dike-like intrusion* of quarts 

latita porphyry, which fall along a single arcuate line striking H. 73°- 

90° E.

the Bonanza-Seguridad-Yahuarcocha area has at least 20 veins that 

can be divided into two principal systems, one striking H. 45°-65° S. 

and the other striking ». 60°-75° W. Most veins dip steeply north or 

south, the only notable exception is the Bonanza vein which dips 45° S. 

Host veins are froa 23 to 300 maters long; the Bonanza vein, however, 

on the east end and two veins on the vast end of the area crop out for 

more than 1000 aetars. Veins of both systems are weakly nine ra Used 

and consist of 20 to 100 centtaeters of argil Used or sillcifiad, 

breccia ted wallrock and gouge with sporadic stringers and lenses of 

quartz. The stringers of quarts) ara 10*40 centimeters vide and contain 

disseminations or veinlets of pyrita, sphalerite* soraa galena, and 

occasional tetrahedrlte and chalcopyrlte.

A third very weakly aineralised set of fractures strikes R, 25°~ 

30° E* and dips about 65° S* These veins seldom exceed 20 centineters 

in width and either split off the H. 45°-63° E. veins or cut them with 

a slight offset.

the easternmost ninos and prospects of this area lie near the head 

of tha valley Callej6n Grande. Mineraliaad structures on both flanks 

of Callejon Grande have been explored by SOOQ 10 adits, moat of which 

are ixuiccassible. Only the Bonanza vein, on the south side of the 

produced oro.
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ThQ principal workings on the Bonanza vein are the Ruperto adit, 

at the esstern end of the vein, end the Bonanaa mine, 650 meters » 

the southwest. Both of these workings are Inaccessible.

1fce Segurldad sree Is 1.5 kilometers southwest of the Bonaass 

mine, on the east side of Callejon Grande. The erea has six iatcc**- 

sible edits on five or six short veins.

The Yahuarcoeha area lies 750 meters east of Seguridad on ths 

west side of Callejon Grande. This area, which la Just east of 

Yahuarcoeha, has six edits on at least 10 mineralized structure*. 

1. Cerro Rallqulas Area

The Cerro Keliqula* area centers around Cerro Eellquias on tbs 

westarn end of the district, and is 4 kilometers nest of the 

mine and 3 kilooetars east of the Banco Mlnero's Pacococha mill (see 

Plate 2). The area is about 3 kilometers long by 1 to 1.5 kiloaecers 

vide and lies Just east of laguna La Virreyna and laguna San franci*** 

The Cerro RGliquids area vas one of the ooat active and productive 

during the early history of the district. Moro than 100 adits, inclio* 

trenches, opencuts, and pits are evident, but moat of them sre inacces­ 

sible. In recent years activity has been sporadic but steadily incross 

ing. Esrly mining operators sought the enriched surficlal native 

and silver sulfide ores, more recently silver antimonies and argenti­ 

ferous tetrahedrlta were exploited. Currently the area is producing 

principally lead and sine, with minor acwtmta of copper and silver.

*> 1953. the Santa Tereaita and Matilda mines together vera producing

 fcaost 10,000 tons of ore par ycer.

<X/cr 50 veins are known in the Ccrro Baliquias (see Plate 9), 

25 to 1200 meters long, and from 25 to 175 ccntioaters wida.
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of this area can bo divided into two groups on the basis of attitude. 

The largest and aoat productive veins strike H* 45°-70° W. and dip 

60 S., and include» from north to south, Yunque, Parseguida, Saca Si 

Puedes, Matilda, El Dollar, end Reatauradora 1 and 2. A second group 

of veins range in strike from N. 70° E. to B.-W. and dip froa 65° S.- 

55° H., and include Hata Caballo, Po«o Rico, and Restauradora 3. Veins 

of these tvo groups do not cross, but terminate against one another* 

in places showing decided decrease in mineralisation near the inter* 

section. Post-oimral left-lateral feulta, striking 8. 45°-55° 8« sod 

dipping 50° SB. to 30° HIU, cut the Saca SI Puedea vein in the Santa 

Tereaita odne.

In general* the veins in the Cerro Rfiliquias area have poorly 

defined walla and contain large asaounts of brecciated vallrock cemented 

by quartn or rbodochroalta. Hypo^ena sulfide minerala include, in 

order of their abundance* splialerit@ v galena, tetrahodriti, and chalco- 

pyrlte. ^ipergene chalcocite, covellito, and rarely galena were also 

observed.

the high silver production during colonial tlnus \ms probably 

derived from native silver, acanthita, pyrarsyrite, and mtargyrlte* 

the only silver minerals noted in the Cerro Seliquias area in this 

study vare pyrargyrlte and oiargyrite vliich coat thin cracks in the 

upper 50 aaters of tha Mat a Cabo.Ho, Saca Si Puedea, and Perseguida 

veins.

6an0ue ainerala include quarts, rttodochrosite* barite, pyrlte 

scricite, and rarely bsmtita and icaethyst. Tha ou If idea are acdiua 

grained and are dls3cmin«itad tlirough tha quarts or rhodochrosite, 

either iariiscriminataly or in vague bcm«1s. Cruatifl^d banding of vein
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oaterial is not well developed; on the other hand, cockade textures 

are coraaon. Vugs are rare and where present are snail.

Andes it ic lava flows, 5 to 30 meters thick, inter bedded with I to 

5 oeter beds of andesite flow breccia, underlie the area in flat-lyisg 

beds.

The only nines in the Cerro Reliqulas area active at the tiaa of 

this study were Santa Teresita and Ma tilde (sea Plates 2 and 3). 3* 

Santa Teresita mine explores the two largest veins of the area, Saca Si 

Puedea and Hsta Caballo (see Plate 12)* The Santa Teresita mine is 1.5 

kilometers east of the Lira mine, at the east edga of the laguna la 

Virreyna basin, and can be reached over two kilooeters of dirt road 

froa the Lira mine. It develops the Saca Si Puedea vein froai two adit 

levels 40 sisters apart vertically; tha lower or 420 level explores the 

vein for more than 450 suitors, whereas tho upper or 460 level explores 

it for about 300 tasters. The Mats Caballo vein, which terminates 

against the Saca Si Puedes vein just north of the mine has been found 

in both the 420 and 460 levels. It appears on the 420 level as a weak 

10-centlnetors stringer splitting to northeast off the footvall of the 

Saca Si Puedes vein* On the 460 level the Mats Caballo vein consists 

of 30 centlxaeters of rhodochrosite, quarts, pyrite, sphalerite, gale**** 

and chalcopyrita, and was found about 100 oat era to tho north of the 

Saca Si Puedea vein. On both lave la, only about 50 meters of the Mata 

Caballo vein has been explored.

Tha Santa Teresita mine produces about 9,000 tons of lead-sine* 

copper oro per year* All ore is shipped to the flotation mill at tbs 

tnina.



The Matilda mine is about 0.5 klionetere northeast of Laguna San 

Francisco and 1 kilooeter southeast of tho Santa Tereslta mine. It 

in the cliffs east of Laguna San Francisco and is reached only by aula 

trail. The mint* consists of an adit about 250 meters long, and a 

lover, blind level about 150 meters long* The first 120 sisters of the 

adit are driven along the Entrada vein that dies out against the 

Matilda vein. Production is about 1000 metric tons of lead-zinc-copper 

ore per year.

Table II is a reaxsafi of all of the veins of importance in the 

Cerro Eeliquias area. Many are inactive at present but all have been 

worked. 

J. la Virrayna Area

The La Vlrreyna area lies on the south shore of Laguna La Virreyna, 

about 1 kilooeter northeast of the Banco Minero's flotation aill at 

Laguna Pacococha and about 10 kilonetera north of the town of Castro* 

virreyna (see Plates 2 and 3). The srea has two principal nines, Li" 

and Canaen, and is the westernmost mineralized area of the district and 

the lowest in altitude, lying at about 4525 aeters above sea level. 

The area is reached over 2 kilcosters of all-weather unsurfaced road 

that leaves the Pisco*Huancavelica road at Laguna Pacococha.

Lira, the larger of the two mines, produces 3000 to 6000 metric 

tons of lead-zinc»coppcr ore per year, which is concentrated at Pacoco­ 

cha. The mine has exploited all but the southernmost veins of the area 

(see Plate 13), and has nearly 3 kilometers of underground working* on 

six levels over a vertical range of 65 meters (see Plato 14). These 

levels are, from top to bottom, the Justicia, Rosita, and Luz adit 

levels, anJ the Pique, Caldera, and 60 levels. The principal level»
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the Caldara level, transects the area from north to south with s 

neter crosscut and develops, to a greater or lesser extent, seven 

the principal valns of this ar^a. Thia level serves as the soain 

haulage-%siy and is reached from the surface by the Caldera incline 

The 60 level uses being driven 30 meters below the Caldera level sc 

the tiraa of this study and is not shown on the naps.

The Carmen mine lias 1 kilometer south of the Lira ctine and 

explores the southernmost veins of tha area, the Cars»n-Constanta 

Beatita veins <sae Plata 13). the aine Is owned and operated by C4ssr 

Foeo & Sons of Lime, the annual production Is about 5000 03trio cons 

of laad-«inc-eoprxsr ore uhich is treated at the Banco Hinero olll ** 

?acococha. The taina is devsloped on three levels, the sero, 35, **** 

70 levels vhich ar« connected to the surface by a shaft and aa 

Tha nir.s has raora than 900 aetars of tinderground workings and 

irrsgalar stxrficial workings {sea Plat* 15). the 70 level was betas 

opcn&d at tha tint? of this study and Is not shown on the maps.

the area is under la in by andsslts flow breccias tihieh show no **ow 

structures or bcddla^, ars prestsnd to be flat-lying Ilka the andasite 

flow rocks in tho Cerro R^liquias area to the east.

The mineralised art* of la Virreyua is 500 neters vide In s ft*.~s « 

direction by 750 meters long, and is cut by nine principal veins, 

to 575 taeters long (sse Plate 13). The principal veins are, f*** 

to scuth; Caldara, Ctel Casalno, Sanches Cerro, De la Cms, Mre, 

San Antonio, Carn*ir*«Constonte, and Beatlta. they can be divide^ 

tvo groapa on th« bcsia of attitude, otiG striking S» 55°-BO^ 

dippirr^ cither 75° H. or 75° S. and the other striking H. 55°-90° 

end dipping 65° M. to 65° S.



Veins striking ». 55°-ao° E. ara the beat mineralized, and all 

but tha San Antonio, Canaan-Cons tan te, and soraa sctall uxmaosd veins 

bo long to this group. They generally maintain constant strikes and 

dips; flar.urea ara aaall usually involving changes in strika to dye 

east for 5 to 25 asters, or localised changes in dip of 10 to 20 

degrees. Splits both to the southeast and northwest are frequent and 

are favorable sites for ore accumulation. Vein widths range froa 20 

to 300 c entice tar 3 and average about 80 centimeters. The oost productive 

veins of this group are tha Caldera, Saachea Cerro, Lira, and Beatita 

veins.

Veins of the second group strika 8* 55°-90° W. and aost of then 

are in the southwestern corner of tha area between tha tiro and Beatita 

veins, whera they feather out to tha northwest froa the Beatita vein* 

Ma ay of the small stringers that split off the 8* 50°-50° E. group of 

veins have orientations of this second group. Veins of this H  55°- 

90° W* group are shorter, generally narrower, taore sinuous In course, 

and UDTO erratic in mineralization than those of the forcer group* 

The only veins of this group with economic Importance are the Da IA 

Cur a, an erratic split of the Sanchec Cerro vein, the San Antonio, end 

tha Carmen-Constanta.

Mineralization of both the H. 30°-SO° E, and H* 55°-9Q° W. %»» 

probably contenporancouo. Tha San Antonio-Seatita intersection, the 

only vein-crossing observed, shows no offset. Generally vein inter­ 

sections arc either stop la splits or pinch outs of ttinaraliwition 

a&ainat one another with no indication of faulting.

The veins of the La Virreyna area consist of sphalerite, galena, 

tetrahadrite, end chalcopyrlta, pyrito, gou^a, and rarely rhodochrosita
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set in quarts, breccia ted and ailicificd or argillised wallrock. Tfaa 

sulfida minerals fora massive bonds and snail stringers, or cement 

brecciated altered wallrock. They are ocdlum to coarse grained. Vein 

material is heterogeneous or shows vaguo banding which tends to separate 

pyrita and chalcopyrite, tetrahedrito, and galena and sphalerite into 

bands* the banding is usually asymmetrical but follows a general 

pattern, from the center outward, of galena and sphalerite, tetrahedrite 

with or without quartz; and finally chalcopyrite, pyrite, and quarts, 

Veins are usually massive but contain elongate vugs lined with galena, 

sphalerite, tetrahedrite, or quartz crystals 1 to 5 centimeter a across. 

Vein material is compact and not triturated , although crystal gliding 

and racryatallisation due to shear are shown by galena in the Carmen- 

Constanta vein. Vein walla are sharp and usually marked by 5 to 15 

centimeters of gouge. 

K. Hiacellnnooug Hines

Table III gives in abbreviated fora the available information on 

  few scattered mines Which have not been described in this report. 

Most of these mines were inaccessible so information is poor.
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Table IV: Mine production and Rrade of ore. Cartaen mine, 1941-195&

Year Ore Silver Lead Copper Zinc
(metric tona) (grana/ton) (percent) (percent) (percent)

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1953

378

No data

Ho data

326

361

669

Ho data

531

173

No data

523

3,007

3,581

4,899

No data

6,767

6,631

5,220

304

203

243

132

153

108

140

379

512

536

176

293

437

15.05 2.04

7.3 1.8

7.6 1.9

6.5 1.1

6.3 .3

3.9

4.5 .75

3.5 1.7

2.9 2.5

3.5 3.0

3.3 1.3

2.0 1.7

2.4 2.5

19.59

9.6

9.3

7.5

3.6

3.0

3.6

3.9

4.2

4.1

2.2

2.3

Source: Banco Minero del Perti
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9 Table V: Metal production, Caudaloga mine, 1927-1957

Year Gold Silver Copper Lead Zinc
(kilograms) {tons) (tons) (tons)

1927

1923

1929

1930

1931

3,010

2,350

1,970

1,790

1,970

4,915

3,415

1,423

2,016

2,416

141

110

47

69

32

35

37

1932*33 Bo data

1939 503 413

1940-43

1949

1950

1951

1952

1953

1954*

1955*

1956*

1957*

No data

7,9£3

3,913

12,540

13,892

14,123

16,944

3,377

7,833

6,949

4,001

6,566

9,925

11,645

13,100

13,677

196

136

97

141

213

293

321

312

330

492

617

709

1,097

1,599

1,632

1,430

1,593

610

610

632

694

798

738

911

* Includes production for Hadona, Matilda, and Santa Teraaita 
tines.

Source: Corporacidti Hlncra Castrovirreyna,
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Table VI: Hlna wrod^ction and erada of ora. Lira tains, 1941-1953

Year Ore Silver Lead Copper Zinc
(metric tons) (erana/ton) (percent) (percent) (percent)

1941

1942

1943

1944

1943

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1953

431

1,967

No data

3,115

1,067

3,275

4,230

6,791

6,676

6,690

7,192

6,323

2,945

6,344

Ho data

5,051

2,785

4,567

261

213

302

271

324

340

231

183

267

213

224

268

278

228

153

183

3.45

8,3

6.6

5.4

6.3

4.1

3.1

3*7

5.0

4.1

3.1

5.6

5.3

4.15

4.3

3.6

1.2

1.2

1.7

.75

1.5

2.0

1.0

.8

1.7

1.2

.7

.35

.4

.8

.4

.8

5.8

6.3

6.1

4.0

6.5

6.4

3.9

3.65

5.1

3.7

3.4

4.0

3.7

3.7

3.S

2.5

Source: Banco Minoro del Parti
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Table VII: Motal production, San Genaro nirxa. 1928-1955

Year

1923

1929

1930

1931-33

1936

1937-43

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953*

1954*

1955*

Gold Silver 
d»rans) (kilojnrana)

370

1,810

4,290

No production

f * *  « 
H,JJ>Q

Ho production

446

76,670

73,724

122,371

83,674

117

100,085

48,769

48,267

79,687

64,839

117,569

140

303

701

735

7,205

12,221

8,796

13,547

8,235

11,343

19,872

8,826

10,993

18,342

14,711

21,723

Copper Lead 
(tens) (tons)

13

25

9 23

63 407

54 402

95

113 1,068

1,167

1,087

993

93 1,850

36 540

35 503

Zinc 
^tonal

1,105

992

976

954

1,083

201

106

* Includes production for ildpida mine

Source: Caatrovirreyna Metal Mines Co,
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A. Techniques

1. X-ray methods

X-ray powder diffraction methods were chosen as the principal 

means of mineral identification for the following reasons: 1) mineral­ 

ogy of the Castrovirreyna deposits was complex and involved many 

unusual or rare sulfosalts, 2) the sulfosalts investigated were too 

closely related in chemical and physical properties to permit 

satisfactory identification by microscopic or microchemical means, 

and 3) much of the material was too fine-grained to permit identifica­ 

tion by normal visual or chemical means*

Powder diffraction photographs were taken instead of using X-ray 

spectrooetrie powder techniques (X-ray diffractometry) because 1) the 

amount of pure material available was often too small even for spectro- 

metric powder techniques and 2) maximum accuracy in determining d- 

spacing of the diffraction patterns of the sulfosalts was desired, as 

published information on these minerals is scarce.

The following technique was used: finely crushed material was 

formed into spheres about 0.3 millimeters in diameter with gum traga- 

canth or, preferably, with a small amount of vaseline, and mounted on 

the tip of a fine glass fiber. Powder diffraction photographs were 

taken with a Parrish modification of the 114.59 millimeter Buerger 

camera using CuR* radiation, and with the film mounted according to the 

Straumanls method. Eastman No-screen X-ray film was used. The line 

intensities were estimated visually, using 10 for the darkest line and 

1/2 for lines barely visible. The films were measured on an illuminated 

screen with a millimeter scale; all measurements were corrected for 

film shrinkage.
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2. Spectrographic methods

All material used for apectro^raphic analyses was carefully 

selected for purity, using a binocular microscope; single crystals 

were used whenever possible, The material waa cleaned manually, 

washed, crushed, cleaned of low density gungue with broaofont, washed, 

and finally manually picked over with a needle. This method reduced 

the aniount of Inpuritioa veil below the level detectable by X-ray 

diffraction mathods, which lies around 2 to 4 percent of sample, but 

did not always eliminate all inpurities. The relative amount of 

impurities left can best be estimated from the amount of Si, Al v and 

Ca found in the Spectrographic analyses. In these analyses, however, 

standard purity graphite electrodes were used, and expected contastina* 

tion of 0.03 to 0.06 percent Si, traces to 0.002 percent Al, and 

traces to 0.03 percent Ca were present in the electrodes.

Tan milligram s&njples wore used and the staple burned to coaple- 

tion in a cup electrode. Spectrographs were taken on 35 millimeter 

film, with a dispersion of 2 angstroms per millimeter. The films were 

read on a f ilia comparator microphotomater using Harvey's semiquantita- 

tive method (Harvey, 1947). 

B. Supporting lovestigations

Hie folloving supporting investigations were undertaken or started 

in conjunction with this report: 1) the trace-element content of 

 elected sulfldea, 2) tho variation of the iron content of sphalerite, 

and 3) the variation in the composition of tetrahedrite versus changes 

in the <!-0pacing8.

^ The trace-olcosnt contenta of selected sulfidos were investigated 

in an attest to distinguish or correlate stngea of mineralization on
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the basia of traca-elexaent assemblages. The vide spread su If Ides 

galena, sphalerite, and tetrahedrite were chosen for these analyses; 

about 13 samples of each were analyzed spectrographically. Although 

this approach was fruitful, lack of ttoa and the difficulty in 

obtaining sufficient pure material precluded an adequate sampling, 

and only precursory results were obtained.

The iron contents of sphalerite wcro studied to determine the 

temperatures of fCroatian of sphalerites from different veins and 

different parts of the saxaa vein. Both speetrographie and X-ray 

diffraction data, however, shoved that all sphalerites regardless of 

color or sampla location contained less than 1.0 percent iron, a 

concentration below the Units of precise interpretation* Further­ 

more, alxaoat all the sphalerite was associated with pyrita, not 

pyrrhotitc, indicating that at beat these values represent minimal 

temperatures.

A study of the relation between the d^spacinga of the X-ray 

powder photographs of totrahedrite and its composition was started. 

The extreae difficulty of purifying and even finding enough tetra- 

hedrite for chemical analysis aade it Impractical to prepare the 

nunber of saiaples required by the variations in composition of 

tetrahedrite. The study vaa abandoned. It is hoped that this study 

of the tetrahedrite can be continued in the future using X-ray fluorea- 

cense methods, uhich requires only soall amounts of material.
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Acanthite

The X-ray powder diffraction data of the acanthite from San Genaro 

agrees with the data given by Jtaadell (1943) and Berry and Thompson 

(1962), both in d-spacings and intensities. It was possible, hovever, 

to resolve many of the doublets and triplets, especially of the 

inteaser lines in the front reflection region, because a camera with a 

diameter of 114.59 millimeters was employed in this study.

Table VIII: X-ray povder diffraction pattern of acanthite

San Genaro mine 
Specimen C-22S

I

1/2

1 
2 
1

4H

5B

3H

10 
4H

10B

8

4

4H

1/2 
1

l(obs)

3.93

3.45 
3.415 
3.365

3.08

2.81

2.667

2.596 ] 
2.5675)

/2.449 

\2.420

2.3705

2.204

2.078

2.0625] 
2.036 J

I

1

7

8

6

10

10

9

7

8

4

Ramadell (1943)

4<ob.)

3.91

3.40

3.07

2.66

2.58

2.44

2.37

2.205

2.06 

2.05

hkl

/2QO 
(202

/002 
1210 
(212

012

311

(220
(222

\022 
(313

402

131

123 
202 
323
204

d(calc)

3.92 
3.87

3.43 
3.41 
3.37

3.075

2.665

2.595 
2.578

2.453 
2.435 
2.415

2.36

2.21

2.09 
2.07 
2.065 
2.045

I

1 

1/2

3

4

2

10

8

5

3

4 

1/2

l(ob.)

3.45 

3.38

3.09

2.85

2.67

2.60

2.45

2.38

2.22

2.09 

2.04

Berry and 
Thompson (1962)

hkl

(002 
1 210

212

012

311

121

/220 
1222

(113 
(022

402

131

fl23 
1202 
\323 
204

l(calc)

3.44 
3.43
3.38

3.08

2.33

2.66

2.61 
2.58

2.46 
2.44

2.38

2.21

2.10 
2.08 
2.07 
2.05
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Table VIII (continued)

San Genaro mine 
Specimen C-228

Ramadell (1943 Berry and 
Thompaon (1962)

1 £(oba) l £(obs) hkl ^(calc) 1 l(oba) hkl ^(calc)

f230 1.988 (311 2.01 
1 1.939 4 1.99 212 1.984 1/2 2.00 (230 1.995 

1232 1.981 (212 1.995

2 1 957 5 1 96 (21* U962 Z 1.957 5 1.96 |40Q l<96

1 1 8975 4 1 QrtS (°32 *-914 1 1.8975 4 1.905 J41Q l ̂ 5

1 1.859 4 1.865 414 1.86

fi33 1.732 
2 1.713 7 1.72 <040 1.73 

(333 1.717

. , Q . J214 1.966 
1 *-*01 (422 1.962

1 1 Q1 ft (°32 1 - 919
4 1 '*10 Uio 1.901

1 1 870 ( 4U l '867 1 1.870 } m t 862

/i333 1*722
, , ,tfl O04 l - 720 
3 1.719 420 U716

V511 1.716

1/2 1.689 \%* l :Hl

1H 1.579 5 1.58 (  l '595

1 1.551

f33l 1.546
042 1.545 

4 1.54 232 1.54!
2 1.536 V024 1.537

1H 1.509 4 1.51 341 1.507

, i «fln f^42 1 -582 
* 1 **su (521 1.577

, t  - (331 1.554 * * :>:>& ]§Q2 l<553

f232 1.547 
1 1.542 {024 1.541 

(604 1.539

(612 1.515 
1 1.512 {341 1.514 

1315 1.513

1/2 1.484 ^33 l |483

1H 1.479 3 1.475 133 1.477 1/2 1.475 115 1.471

5 1.46 115 1.467

2 1.4535 4 1.44 £| g;J£ 7 1 ASS (*33 IM9
2 IM* 1143 1.447
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Table VIII (continued)

San Genaro mina 
Specitaen C-22B

RamadaH (1943) Berry and 
Thompson (1962)

I

1/2

1/2

1/2
1/2
1/2

1/2

1/2

1/2

1H

1/2

1/2

1/2

i(ob«) l £<obs) hkl

1.41 1/2 1.41 622

1.376 <1 1.38 034

(335
1   J"*«* ^Tl \ ^l^l*i J**A
1.330 242
1.313 .204

/600
250
214

1.3055 1 1.30 <422
440

1.238 606
1052

1.267 1 1.265 [251

(224
226

1.224 3B 153
115

V044

1.189 <1 1.18 (^

(060
<\ 1 15 252

234
(254

1.1265 <1 1.13 016

1/2 1.09 gg

1.034 1/2 1.04 337

A T A * Wf 1 H

/622 1.417

1.407 1/2 1.412 ^j£ J;JJ*

624 1.407

1.376

1.343
1.331 (341 1.337
1.328 1 1.336 (242 1.333
1.32 1713 1.331

1.31
1.305
1.30
1.296
1.296
1.29
1.285

1.27 
1.26

1.236
1.223
1.223
1.22
1.213

1.135 
1.18

1.15
1.15
1.15
1.145

1.13

1.092 
1.091

1.03
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VIII (continued)

San Ganaro mine 
Speciasn C-223

Baaadell (1943 Berry and 
Thompson (1962)

i(oba) *** l(calc) i(oba) hkl £

1/2 1.01

1/2 0.970 1/2 0.965

0.958 1/2 0.94

262 1.01
361 1.01

800 0.98
254 0.965

216 0.95
226 0.95

H - Hazy or diffuse line

B - Broad band; tingle aeasureaent taken in middle 9 double measurement 
made on edges
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Aramayoite

The X-ray powder diffraction data of aramayoite from San Genaro 

coincides reasonably veil with data given by Graham (1951) and Berry 

and Thomson (1962)* the major difference la that Berry and Thompson 

obtained better resolution in the back reflection region and raora lines 

than did the present author.

Table IX: X-ray powder diffraction pattern of aranayoite

San Genaro mine 
Speciaen C-228

Graham (1951) Berry and 
Thoopaon (1962)

I

5

4

3

10
9

1

1

1

2

1/2H

1/2

*<* 
3.425

3.25

3.16

2.8395
2.801

2.049

2.014

1.971

1.941

1.764

1.739

X

2

4

1

10

2

1/2

1/2

3

1/2

1

i
3

3

3

2

2

2

1

1

1

1

Co*.)

.43

.a j

.15

.806

.048

.015

.967

hkl

012

022 
,220

210

f212
,202
(030

232

222

242

o/n 1*32 -940 1410

.757

.738

f214 
1204

042

/234

1 1.716 2 1 .705
024
224
250
1422

-(calc)

3

3 
3

3

2
2
2

2

2

1

1 
1

1 
1

1

1
1
1
1
1

.423

.244 

.213

.146

.826

.822

.804

.047

.014

.968

.936 

.930

.767 

.757

.742

.716

.714

.704

.693

.691

1

2

4

1

10

2

1/2

1/2

3

1/2

1

2B

^(oba)

3*44

hkl

012

3.22 (S» 
( 220

3.15

/
2.82 j

1

2.05

2.02

1.973

210

212
202
030

232

222

242

I 945 (-23* * *** 1410

1.762 j

1.743

1.710

214
204

042

'234
024
224
250
1422

4

3.43

3.25 
3.22

3.15

2.83
2.83
2.81

2.05

2.02

1.972

1.940 
1.934

1.771 
1.761

1.745

1.719
1.717
1.707
1.701
1.694
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KTable IX (continued)

San Genaro mine Graham (1951) 
Specimen C-223

1 l(obs) l £(obs) hkl 4(calc)

f402 1.673

1 1 f*M 1 1 fiAB *32 l ' 6691 1.669 1 1.663 Q5l 1<668 
1240 1.668

1 1.6155 I 1.614 J2S 1:607

1/2 1.583 1/2 1.578 420 1.573

1/2 1.4215 1/2 1.413 (*£ J-J"

1/2 1.405 2 1.402 060 1.402

1/2 1.2S55
 

I 

1

1

1/2

1/2

2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

Berry and 
Thompson (196

l(obs) hkl l(calc

1.672

1.618

1.583

1.417

1.406

1.349

1.297

1.287

1.274

1.242

1.158

1.138

1.089

1.074

/402 
432 

|052 
1240

(044 
1440

420

(424 
1404

060

1.676 
1.672 
1.671 
1.671

1.625 
1.610

1.576

1.416 
1.414

1.405

R   Hazy or diffuse line

B   Broad band, single measurement taken In middle
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Boumonita

the <Uspacinga of the X-ray powder diffraction pattern of beurnonita 

froo Caudalosa ara consistently lower than the measured and calculated 

spaciags of Ieinewei>ei'/(i956), and Berry and Thozopson (1962) reported 14 

lines la the back reflection region which neither Laineveber nor the 

author observed. Spectrographic analysis of the Caudalosa: material shows 

appreciable aoounts of arsenic and silver, and staall amounts of iron and 

zinc which may account for the increase in cell distension and ensuing 

decrease in d^-spacing*.

Table X: X-ray powder diffraction pattern of bournonite

Caudalosa aine 
Spoclncn C»35

Leincveber (1956) Berry and 
thonpson (1962)

X

2

1

1

2

2

1

5

2

i<obs)

5

5

4

4

4

3

3

3

.81

.63

.71

.32

.01

.87

.83

.68

I

3.5

12.

7.5

5.

15.5

20.

30.

37.5

20.

£(obs) "** £(calc) *

3

5

5

4

4

4

3

3

3

.97

.81

.64

.73

.35

.08

.90

.84

.69

100

110

Oil

101

111

020

200

002

120

210

201

102

121

8

5

5

5

4

4

4

3

3

3

3

3

3

.14

.97

.82 3

.65

.74 1/2

.36 4

.08 3

.90 8

.84

.70 2

.62

.52

.45

l(obs) *** i<calc)

100

5.79 Oil 5.81

4.75 111 4.73

4.37 020 4,35

4.08 200 4.07

3.90 002 3.90

3.68 210 3.69
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Table X (concinued)

Caudalosa raine 
Spec loan C*35

Leineueber (1936) Berry and 
Thoopaon (1962)

z

1/2

1

3

2H

2

1

10

6

5

1/2

1

1H

1H

£(ob0) X

3.33

3

2

2

.25

.96

.89

2.805

2

2

2

2

2

2

2

.768

.727

.667

.585

.557

.355

.298

2.227

3.5

18.

25.5

18*

26.5

12.

100.

9.

45.5

26.

9.

7.

3. 

11.5

8.

3.

7.5

^(obs)

3

3

2

2

2

2

2

2

2

2

2

2

2 

2

2

.34

.27

.993

.910

.823

.786

.739

.725

.687

.597

.583

.571

.383 

.363

.303

2.267

2 .2413

hkl

211

122

220

022

202

221

122

130

[031 
(300

212

310

131

301

013

103

311

113
[222 
1230

320

231

132

^(calc)

3

3

2

2

2

2

2

2

2 
2

2

2

2

2

2

2

2

2 
2 
2

2

2

2

.34

.27

.978

.908

.822

.783

.739

.736

.722 

.720

.685

.597

.532

.570

.493

.454

.465

.385 

.363 

.366

.306

.264

.2402

1 4(ob.) hkl Dealer)

2 3.27 112 3.26

4 2.99 220 2.97

1 2.90 022 2.90

2 2.82 202 2.82

10 2.74 130 2.73

4 2.69 212 2.63

5 2.59 310 2.59

1 2 37 (U3 2 - 38 
1 2 * 37 (222 2.36

i 2.30 320 2.30

I 2.24 231 2.26

3.5 2.2339 302 2.2323

321 2.2123

203 2.1053
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Table X (continued)

Caudalo** ain* 
Specimen C«35

Leinevebor (1956) and 
Thonpaon (1962)

hkl d 1 ^(ob.) ^ ̂(calc)

123 2.15

1/2 2.161 3.5 2.1791 040 2.1731

4. 2.1621 312 2.1621

123 2.1552 1/2 2.16

213 2.1290

2 2.096 12. 2.1119 140 2.1035 2 2.09

400 2.0316 1/2 2.02

1/2 2.026 5. 2.0316 141 2.0316

232 2.0234

140

400

2.10

2.04

4 1.980 31.5 1.9853
f410 1.9868
322 1.9868
330 1.9853

401 1.9746

15.5 1.9603 223 1.9616

3 1.947 31. 1.9528 004 1.9528

5* 1.9363 033 1.9371

(411 1.9255
5. 1.9209 331 1.9239

1240 1.9216

1.985 1*933 
1.983

3 1.945 004 1.950

4.5

1/2 1.879 5. 

1/2 1.868

3 1.846 32.

042 l *9019

1 fia*& ( l33 l '8856I.US3* 1^3 108605

241 1.8660

114 1.8560

1 8503 (W2 l '85241.8503 ^20 K85A6
[142 1.850 
1420 1.845
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Xabla X (continued)

CaucUlos* mine 
Specimen C»35

Leineveber (1956) Berry and 
Thompson (1962)

V

« 4*4 i 4*» « d(Mlc) i ^ m ^lc)

1/2 1.319 313 1.3391

402 1.S084

9. 1.79S4 421 1.79S4

1/2 1.791 9. 1.7865 024 1.7878

5 1.765 52. 1.7672 ( 332 I ]76g7 6

1 1.734 10.5 1.7585 204 1.7515

1/2

2

2

1/2

2

1

2

1

1

1

1/2

1

1

1/2

1

1.765

1.728

1.664

1.631

1.585

1.556

1.480

1.427

1.389

1.365

1.337

1.252

1.228

1.152

1.118

1.106

- ilazy or diffuse lino
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Chalcoatlbite

The X-ray powder diffraction pattern of chalcoatiblta from Caudaloaa 

agree a with data of Berry and Thompson (1962), but the Caudaloaa material 

gave conn latently lower values for cUspaclnga. Bra principal izapurity of 

the Caudaloaa chalcostibite la Iron (see Table XXXV),

Table XX: X-ray povdar diffraction pattern of chalcoatibita

Speciiaen C-67

Z

2

2

1H

1H

10 
8

1G 
8

1H

1

&

f

*

3

4

3

Dealer*

7.31

7.20

4.62

3.62

3.13} 
3.09)

3.00]
2.97J

2.94

2.768

2.542

2.398

2.295

2.237

1.113

1.894

Z

2

1

1

10

9

1/2

1

4

2

3

3

 **   » . 
Thompson

Q> J -m \

7.38

4.67

3.65

3.13

3.00

2.79

2.56

2.31

2.24

2.12

1,895

( hkl

020

120

(Oil 
(040

(111 
(140

(200 
(031

220

230

(240 
(051

(160 
(221

031

002

» «  
(1962)

%alc>

7.24

4.63

3.66 
3.62

3.13 
3.10

3.01 
2.98

2.78

2.55

2.32 
2.30

2.24 
2.24

2.12

1.895
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table XI (continued)

Caud«lo«* mine 
jSoecjtaen C«67

Berry end 
Thompson (1962)

1 d<c«ic)

4 1.826

2B 1.807

? 1.780

5 1.7545

1/2 1.736

? 1.709

1H 1.683

2 1.6155

1/2 1.6025

? 1.5905

2 1.548

in 1.345

1/2 1.308

3 1.2865

1/2 1.258

? 1.2225

1 1.193

Z

4

1/2

5

1/2

1

2

1

1

3

1/2

1

I

2

1

2

4(ob.)

1.831

1.817

1*762

1.743

1.687

1.621

1.603

1.554

1*441

1.372

1.344

1.308

1.237

1.258

1.199

hkl

(022
(251

(071 
1 080

(311 
1340

171

261

142

202

(190 
271

1280

/370 
J191 
1430 
1 281

(*2l 
1312

!<c«lc)

1.833 
1.829

1.817 
1.811

1.761 
1.756

1.739

1.686

1.619

1.603

1.555 
1.555
1.552

1.441 
1.439 
1.437 
1.436

1.374 
1.372
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Table XI (continued)

mins Berry and 
Spocioea... C-67_____________Thomson (1962)

X

1/2

7

1/2

1/2

?

T

1H

1/2

1/2

1/2

l(calc)

1.190

1.155

1.1425

1.132

1.093

1.082

1.0675

1.005

0.979

0.949

I

1/2

1

2

1

1

1

2

2

1/2

I

i(obs) Wcl d(calc;

1.192

1.160

1.143

1.133

1.079

1.063

1.006

0.930

0.960

0.948

H * Hazy or diffuse lira* 

?   Foaaibla faint line
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Measurement of the <!*spacings of enargite froa Caudalosa agrees veil 

with those givon by Gainea (1942) and almost precisely with the data of 

Berry and Thompson (1962) , except for the absence of a few lines in the 

photographs of tine Caudalosa eaterial» particularly in the back reflection 

region. Although Stavanovic'a (1903) analysis of enargite froa Caudalosa 

indicates pure enargite, the apectrographie analysis shows appreciable 

aoounta of antimony and several trace elements (see Table XXV), sooa of 

vhich may be due to inclusions of fanatinite or tetrahedrite.

table XIX: X-ray powder diffraction pattern of enargite

Caudalosa mine Gainea (1942)

' W * %b.) *

1/2

1/2

10 3.21 100 3.21 i/a

10

9 3.06 80 3.06 4

1/2

10 2.852 100 2.85 8

4 2.224 40 2.22 3

1/2

1/2

Berry and
«  .._ *«MJ>A%.
lllOt

-(oba)

6.46

4.87

3.22

3.22

3.08

2.97

2.87

2.22

2.06

1.910

hkl

100

110

fl20 
(200

(120 
1200

002

210

(121 
1201

(122 
1202

310

222

L70AS

%-lc)

6.41

4.85

3.21 
3.20

3.21
3.20

3.07

2.94

2.85 
2.84

2.22 
2.22

2.05

1.904
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Gaudaloaa taiaa 
Spacinjcn C-122

I

9

3

1/2

5

2

1

1

4

2

2

3

1

211

AH

2

2

1

l(oba)

1.859

1.731

1.CC3

1.59

1.556

1.423

1.266

1.216

1.194

1.151

1.131

1.074

1.047

1.015

0.973

0.929

Gatruia

1

90

60

50

10

5

30

10

10

10

5

5

40

20

5

5

(1942)

Koba)

1.36

1,73

1.59

1.56

1.43

1.27

1.22

1.20

1.15

1.13

1.07

1.05

1.01

0.973

0,928

Berry and 
THosp son (1962)

I

9

6

4

5

4

1

1/2

4

4

4

1

1

5

5

1/2

3

1

4

<«*,>

1.859

1.731

1.608

1.59

1.556

1.425

1.349

1.266

1.221

1.197

1.155

1.134

1.075

1.049

1.030

1.015

0.980

0.932

hkl

1320

(123 
1203

(240 
1400

(042 
1322

(241 
1401

(242 
<402 
(024

[250 
1430

(243 
\310 
(403

KcaU)

1.855 
1.852

1.728 
1.727

1.606 
1.603

1.589 
1.587

1.554 
1.551

1.424 
1.422 
1.421

U345

1.264 
1.263 
1.263
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Table XII (continued)

Caudaloaa nine Caincs (1942) Berry and 
Soeciaen C-122___________________________ ThoopBon (1962)

1 ^(obs)

1 0.899

1 0.891

4H 0.365

2 0.319

I d, , % I   (obs)

5 O.S99 1/2

2

1/2

5 0.361 2

1/2

5 0.813 5

1/2

1/2

  (oba)   (calc)

0.900

0.893

0.836

O.S63

0.358

0.319

0.804

0.797

ii - Hazy or diffuse liuo
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Fanatinite

the £*apacing» of the X-ray povder diffraction photograph of 

faoatinite froa Caudalosa are slightly lover than the spscinga given by 

Gainea (1957) and Berry and Thompson (1962). Itoreover, Cainea obtained 

better resolution and many nore lines. Both Stevanovig'a and the author's 

analysis of the Caudaloaa material show appreciable amounts of arsenic 

(see table XXVI), which could account for the shift in d-spacinga from 

ideal values.

Tabla XIII: X-ray powder diffraction pattern of fanatinite

Caudalosa nine 
Specimen C-121

Gaines (1957) Berry and 
Thompson (1962)

X

1/2

1

1/2

10

1/2

38

1/2

1/2

V2

a

4(obs)

5

4

3

3

2

2

2

2

.24

.72

.745

.05

.935

.652

.3825

.318

1.963

1 .870

X

2

3

1

10

2

3

2

3

2

4

a
2

<CM>

5.261

4.731

3.752

3.071

2.952

2.664

2.390

2.336

2.181

1.985

1.895

1.787

hkl

002

101

110

112

103

(004 
(200

202

211

114

213

220

006

4   (calc]

5.380

4.811

3.805

3.106

2.934

2.690

2.405

2.343

2.197

1.997

1.903

1.793

> «

2

1/2

10

1/2

3

1/2

1/2

1/2

7

« *

4

4

3

2

2

2

2

1

1

(obs)

.77

.35

.08

.96

.67

.33

.13

.973

.823

hkl

012

112

222

023

004

124

224

(025 
(234

044

<w>

4.77

4.36

3.08

2.96

2.67

2.33

2.13

1.962

1.887
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Table XIII (continued)

Caudaloaa mine 
Spcclnen C-122

Gaina« (1957) Berry and 
Thompson (1962)

* £(oba) *

2

1

5 1.599 7

IB 1.5375 2

1 1.530 3

1

2

2

2

2 1.3285 5

1H 1.319 1

2

1

(6 
4H 1.216 { 1u

1/2 1.183 1

1

1

1

4H 1.084 6

1

i(ob,)

1.763

1.693

1.614

1.597

1.547

1.485

1.469

1.434

1.373

1.342

1.304

1.294

1.266

1.232 
1.225
1.200

1*174

1.154

1.145

1.114

1.099

1.072

hkl

301

310

312

303

224

206

321

314

323

008 
400

402

411

330

332 
413
420

422

307

334

415

424

431

4(calc) * 4*4

1.763

1.701

1.622 5 1.610

1.603

1.553 1 1.542

1.492 1/2 1.473

1.477

1.437

1.377

1.345 3 1.336

1.304

1.295

1.263

1.234 
1.226 4 1.226 
1.203

1.174 1 1.197

1.166 1/2 1.167

1.147

1.115

1.093 4 1.090

1.070

« <Wc)

226 1.609

444 1.540

046 1.480

008 1.334

266 1.224

048 1.193

248 1.164

448 1.089
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Table XIII (continued)

Caudalosa nine 
Specimen C-122

Gaines (1957) Berry and 
Thompson (1962)

I

2H

211

2H

1/2U

2

1/2

1/2

£**.) '

1.022 1 5

1

2

4

0.939

5

0.399 1

0.894* 2

2

1

5

0.842 1

0.836* I

4

0.812 1

2

1

2

4

^(obs)

1.055 
1.037

0.9960

0.9628

0.9491

0.9105

0.8974

0.8315

0.8736

0.8583

0.8510

0.8405

0.8304

0.8208

0.8120

0.8018

0.7929

0.7836

0.7763

hkl

510 
512

521

523

440

516

f 600 
I 0.0. 12

611

534

613

620

/446 
(622

518

536

624

606

11.12

633

443

 (calc)

1.055 
1.035

0.9948

0.9638

0.9516

0.9097

0.8967

0.8813

0.8730

0.8584

0.8506

0.8402

0.8300

0.8208

0.8112

0.8020

0.7933

0.7825

0.7767

1 d, .. hkl d, . ,  (obs) -^calcj

3 1.028 6 '6 '6 U02?

1 0.943 088 0.943

3 0*902 2*6.10 0.902

2 0.845 0.4.12 0.844

1 0.813 6.6.10 0.814

*  Possibly due to impurities

  Hazy or diffuse line
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Ferroua suIfatea

Comparison of the <i* spacing* of the powder photograph of aelanteric* 

from the Caudalosa mine with the ASTM card show good general agreement. 

It ia obvious, however, that the photograph of the Caudalosa material 

gave superior resolution, aa five doublets appear where heretofore 

single lines were reported.

Aa X-ray powder diffraction photograph taken of a desaication product 

of melanterite was similar to the ASTM card for pozenita, FeSO^.Al^O, 

except that the ASTM material showed better resolution and more lines.

Table XIV: X-ray povdar diffraction pattern of ferrous sulfates

Helantarite

Caudalosa mine 
Specimen C-90

X

1/2

2D

10

1

ID

7

1/2

3

1 

1

<W

6.75

5.485

4.89

4.54

4.02

3.78

3.38

3.25

3.196 

3.103

ASTM Card 
No. 3.0796

^b.)
6.8

6.0

3.5

4.9

4.55

4.02

3*78

3*23

3.09

Pozenlte

Caudalosa mine 
Specimen C-90

I

4

8

1/2

1

10

7

1

4

4KB

4*4
6.84

5.45

5.17

4.75

4.47

3.99

3.62

3.403

(3.289 
(3.224

ASTM Card 
No. 13*103

X

50

90

10

30

100

80

10

20

80

20 
70

<C*>

6.39

5.43

5.18

4.76

4.50

3.979

3.840

3.682

3.410

3.295 
3,239
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Table XIV (continued) 

Melantorite Pozenite

Caudalosa mine ASTM Card 
Specimen C*90 No. 3.0796

I

1

1

3KB

3HB

2

1

1

2

1/2

1
1/2

2

2

1 
2

  <obs) -^oba)

3.007

2.930 2.92

2.7965 2 -s 
2.727 Z ' 73

2.6595 - fi , 
2.6218 Z '63

2.485 2.50

2.4296 2.42

2.3868

2.3150 2.31

2.1335 2.17

2.11

2.0837 2 
2.0557 *'U7

2.0159 2.01

1.9704 1.96

1.8863 . «, 
1.8647 l '87

CaudaloM olna 
Specimen C-90

X

5

1

1

3

1/2

2

2H

2

1/2

1/2

1/2

2

2

1

*<ob.>

2.969

2.7675

2.7310

2.5749

2.4780

2.4265

2.3704

2.2669

2.1886

2.1154

2.0445

1.9713

1.9010

1.8736

Asm c«td
No. 13-103

,   -     --*"

I

70

80

10

20

40

70

10

70

70

70

10
60
10 

10

10

20

10

10

50

20

30

20

i{o*«) 

J.W3

J.»»

a.*»
2.776

2.738

2.379

2.478

2.436

2.3*1

2.3*7

2.293
2.271
2.J*? 

2.12*

2.18s

2.1*8

2.U*

2.058

1.973

1.952

1.900

1.876
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Table XIV (continued)

Melancerita Poaenite

Caudalosa mine ASTM Card 
Specimen C-90 No. 3.0796

1 £<ob«> i(oba)

-

Cgudalosa mine 
Specioan C-90

1

2

I

1

1

1/2

5<obs)

1.7990

1.7590

1.7267

1.6776

1.6356

ASTM 
No.

X

20

10

SO

30

30

20

20

Card 
13*103

4<oba)

1.863

1*325

1.793

1.759

1.723

1.679

1.659

+ 9 additional 
lines to 1.29

4* 16 addi­ 
tional lines 
to 1.015
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Geocronite

The d-spacings in the X-ray powder diffraction photograph of geo* 

cronite from Caudalosa agrees with the data of Douglas and others (1954) 

The Caudalosa taaterial, however, gave rather hazy photographs so that 

the weaker lines noted by Douglas were not dlscernable, especially in 

the front reflection region.

Spectrographic analysis of geocronite from Gaudaloaa shows notice­ 

able amounts of only arsenic and silver (see Table XXIX).

Table XV: X-ray powder diffraction pattern of geocronite

Caudalosa mine Douglas and others 
Specimen C-170 (1954)

1 l(obs) X

10H

10

20-

20-

20*

10-H

1011

1/2 4.50 40

10-

1/2 4.21 10*

10*

l(obs)

6.91

6.74

6.36

6.12

5.49

4.95

4.84

4.46

4.33

4.21

4.13

hkl

120

(021 
1121

130

(031 
1131

(041 
1141

150

151
(101 
(201
till

(061 
U61

112

1231

4c.lc>

7.08

6,77 
6.75

6.34

6.12 
6.10

5.45 
5.44

4.96

4.84
4.48 
4.46 
4.44

4.33 
4.32

4.20

4.13 
4.12
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^ble XV (continued)

saliva Sougtaa sad ethers 
Specimen C-170 (1954)

I

1/2

1
2

1/2

1

>

10

7

5

7

3

3

i<abs)

3.32

3.715
3.63

3.62

3.53

3.375

3.165

3.05

2.93

2. 885

2.7965

2.719

T A

20- 3.93

40* 3.33

60 3.71

20 3.64

100 3.54

80 3.39

SOB 3.18

90 3.06

70 2.98

90 2.89

5011 2.80

50 2.72

hkl

/200
170
210

1 071

220

(012
230

^12

(022 
(222

f240
032

V232

(042 
1242

( 052
1 252 
0.10.0

V 260

) 062
I 262

270

\072
1272

(280 
1132 
)332 
1191

(032 
)142

342

2<c*ic)

3.95
3.94 
3.92
3.89

3.84

3.72
3.71
3.70

3.64

3.54
3.53
3.52

3. 38 
3.38

3.23
3.22 
3.18
3.17

3.059 
3.052

2.985

2.891
2.884

2.806 
2.796 
2.784 
2.779

2.727 
2.723 
2.722
2.712
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Table XV (continued)

Caudaloea nine 
Soeciaen C-170

Douglas and others 
<1954)

I

i/a

i

IOU

4

1H

III

1H

1

4

2

in
7H

5H

2

1/2

£<obs)

2.6365

2.392

2.232

2.1155

2.033

2.049

2.029

1.9715

1.941

1.3G45

1.843

1.8275

1,7635

1.723

1.692

I

20

10

10

20B

10

30-

10f

10

90

60

30

40i>

40*

30f

20

40

30

ao
10

70

40

30

l(obs> *"

(152
2 63 30° 2 '63 352

310

2.59

2.55

2.49

2.44

2.39

2.33

2.29

2.235

2.122

2.086

2.052

2.030

1.973

1.984

1.859

1.850

1.831

1.791

1.765

1.744

1.694

£<calc)

2.633 
2.637 
2.628 
2.623
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XV (continued)

Caudalosa aloe 
Spec loan C-170

Douglas and others 
(1954)

I

1/2

la

1/2H

1/2H

1/2H

1/2

1/211

4<obs>

1.676

1.593

1.486

1.464

1.445

1.4275

1.405

X

20

20

10

30

10E

30

40H

40

20

40

~<oba) -<calc)

1.677

1.651

1.618

1.597

1.565

1.439

1.469

1.443

1.423

1.409

plus
9 lines

plus 
+ 20 lines

H - Hazy or diffuse lino
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Miargyrita

The d*spacings In the X-ray powder photograph of miargyrita from 

San Genaro are t lightly lower than thoae given by Graham (1951) and 

Berry and Thompson (1962). Both authors give 10 lines in the back re­ 

flection region tftich vere not observed in the films of the San Genaro 

material. Moreover, the eight povdcr diffraction photographs taken of 

different mtargyrites from San Genaro have five lines not reported by 

Graham nor by Berry and Thompson. Their presence has not been explained 

as they do not correspond to the strong lines of suapected izapurities, 

nor did spectrographie analyses reveal trace-elements in quantities 

sufficient to cause these lines (see Table

Table XVI: X-ray powder diffraction pat tarn of talargyrite

San Genaro mine 
Specimen C-1A4

Graham (1051) Berry and 
Thompson (1962)

z

8

3

3

10

9

1

1H

1/2

5

3

3

i(obs)

3.43

3.165

3.085

2.830

2.7355

2.2015

2.1835

2.099

2.0055

1.965

1.9085

1

9

2

2

10

8

1/2

4

4

3

i(obs)

3

3

3

2

2

2

2

1

1

.443

.178

.091

.877

.739

.205

.005

.963

.909

hkl

211

044

402

213

402

020

215

611

406

l(calc)

3.423

3.171

3.091

2.831

2.734

2.195

2.004

1.963

1.909

1

9

2

2

10

8

1/2

4

4

3

l(obs)

3

3

3

2

2

2

2

1

1

.45

.19

.10

.88

.75

.21

.01

.965

.914

hkl

211

004

402

213

402

020

215

611

604

l(calc)

3.43

3.18

3.10

2.39

2.74

2.20

2.01

1.967

1.913
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Tabla XVI (continued)

Son Genaro mina 
Specltaen C-144

Grah*a (1951) Berry and 
Thompson (1962)

z

7

3H

3H

1

321

1H

1/2

1/2

2H

2

1/2H

1/2

1/2

1

1/2

1

1H

1/2

1

2

1/2B

1/2

l<obg)

1.872

1.8055

1.7895

1.7145

1,6835

1.6555

1.633

1.613

1.588

1.543

1.488

1.440

1.419

1.371

1.3235

1.3095

1.236

1.279

1.265

1.248

1.2295 
1.223

1.163

I

1

2

1/2

3

I

1/2

2

2

1/2

1/2

1/2

1

1/2

1/2

1/2

2

1/2 
1/2

1/2

< .b.)

1.799

1.792

1.712

1.682

1.657

1.624

1.586

1.544

1.488

1.445

1.415

1.368

1.327

1.311

1.280

1.263

1.246

1.229 
1.224

1.162

hkl

024

422

422

[613 
1217

(406 
1615

800

003

804

-

426

231

804

l<calc)

1.805

1.790

1.712

1.684 
1.679

1.663 
1.655

1.628

1.585

1.545

-

1.440

1.414

1.368

I

1

2

1/2

3

1

1/2

2

2

1/2

1/2

1/2

1

1/2

1/2

1/2

1/2

2

1/2 
1/2

1/2

Kob.)

1.804

1.797

1.719

1.686

1.661

1.629

1.590

1.549

1.492

1.449

1.419

1.372

1.331

1.315

1.205

1.266

1.249

1.233 
1.228

1.166

hkl

024

422

422

(613 
1217

(406 
1615

800

008

804

*

426

231

804

l(calc)

1.809

1.794

1.716

1.687 
1.682

1.666
1.658

1.631

1.588

1.543

-

1*443

1.417

1.371
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t&bia XVI (continued)

Son Genaro mine 
Specimen C-144

Graham (1951) Berry and 
Thorapeon (1962)

1 l(oba)

1 1.144

1 1.1305

1/2 1.106

1/2 1.0985

1/2 1.0865

1/2 1.0775

1/2 1.0655

1/2 0.843

X

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

l(obs)

1.144

1.126

1.106

1.100

1.035

1.076

1.062

0.987

0.975

0.955

0.924

0.902

0.696

0.373

0.867

0.343

0.323

0.795

i&l d(calc) X

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

1/2

V2

1/2

1/2

d(0b0) bkl d(c«ic)

1.147

1.129

1.109

1.103

1.033

1.079

1.065

0.990

0.973

0.958

0.927

0.905

0.398

0.331

0*870

0.345

0.825

0.79S

B   Hazy or diffuse

B - Broad band, gingla treasure taken in middle

? * Possible faint line
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PaarcQite

Heasureraeata of the X-ray powder diffraction pattern agree fairly 

well with the data of Peacock and Berry (1947) and Berry and Thompson 

(1962), although they are aooevhat lover, the San Genaro material gave 

three weak lines and one diffuse band which are not reported by others, 

the <i»apacinga of these linea approximate lines found in polybasite» the 

antimonian analog of pearceite. Perhaps the shift of apacinga and the 

extraneoua lines are caused by the presence of antimony.

Table XVII: X-ray powder diffraction pattern of pearceite

San Genaro mine Berry and 
Specimen C-144 thoopaon (1962)

I

4

1

1/2

2

i/a
i

i/a
7

10

9

i/a
4

2

3

^(oba)

11.86

6.395

3.99

3.713

3.57

3.435

3.325

3.11

2.99

2.822

2.707

2.4975

2.373

2.327

1 ^(oba)

6.51

6.07

3.72

3.56

5 3.11

10 3.00

9 2.84

4 2.50

3 2.37

5 2.33

hkil

1010

0002

1120

1121

(1122 
(2021

0004

2022

2023

2131

1122

^(calc)

6.40

3.97

3.69

3.53

3.14 
3.09

2.99

2.82

2.49

2.37

2.32
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Table XVII (continued)

San Genaro mine Berry and 
Specimen C-144 Thompson (1962)

' 4*0

1/2 2.2295

3 2.1835

1/2 2.137

2 2.099

10 2.067

3 2.010

3 1.914

1/2 1.888

3 1.8485

1/2H 1,824

,.ra 1.7875
*"* 1.7605

IB 1.692

1/2 1.666

1/2 1.6315

1/2 1.569

1H 1.506

IH 1.487

I

1/2

3

1/2

2

2

4

1

1/2

5

1/2

3

1/2

1/2

1/2

1

1

4*0

2.24

2.19

2.15

2.10

2.07

2.01

1.914

1.884

1.852

1.824

1.698

1.678

1.570

1.547

1.510

1.492

hkil

/2132 
\1015

2024

3030

3031

2133

(3032 
11125

(2025 
11016

(3033 
12134

2240

2241

(3142 
{2135
(2026

2243

2244

(1127 
\4042

2027

0008

4-10

2.24 
2.24

2.18

2.13

2.10

2.07

2.008 
2.006

1.914 
1.901

1.880 
1.879

1.846

1.825

1,700 
1.699
1.690

1.675

1.570

1.548 
1.545

1.505

1.493
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Table XVII (continued)

San Genaro mine 
Speciocu C-144

Berry and 
Thompson (1962)

I

1/2

1/2

1/2

1/2

4(obO

1.461

1.409

1.355

1.2495

1

1

1

1

1

4*0 »
1.463

1.410

1.353

1.2S2

111 l(calc)

H - Hazy or diffuse lisa

& * Broad band, single raeasureoenc taken la middle
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Polybasita

The <i~spacinga in the X-ray powder diff race ion photograph* of poly* 

basite from San Genaro arts slightly lower than those for tha puro material 

given by Peacock and Berry (1947) and Berry and Thompson (1962). Seven 

extraneous line* appeared in the six different diffraction patterns 

photographed, which are not reported by previous authors. Five of these 

lines can be matched reasonably well with lines in the pearceite pattern. 

Tha first three lines have d*spacings above 3*9 and may not have been 

detected by smaller diaoater cameras.

SpectragraphSc analysis of the San Genaro polybasite shows appreciable 

percentages of copper and arsenic.

Table XV I II: X-ray ponder diffraction pattern of polybasite

» San Genaro raino 
Specimen C-144

Peacock and Berry 
(1947)

Berry and 
Thompson (1962)

I

IB

T

1/2

1/2

1/2

1/2

7

10

1/2

^(obs)

11.86

6.42

5.97

3.61

3.42

3.23

3.14

2.93

2.91

I

1

1/2

1/2

9

10

& (obs)

3.61

3.47

3,27

3. IS

2.99

hkil

(3140 
(2242

3142

4040

2244

(3250
loooa

^(calc)

3.622
3.594

3.466

3.265

2.186

2.996 
2.980

X

1

1/2

1/2

9

10

^(obs)

3.62

3.48

3.28

3.19

3.00

hkil

[3140 
12242

3142

4040

2244

(0008

^(calc)

3.63 
3.60

3.47

3.27

3.19

3,00 
2.99
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Table XVXII (continued)

San Genaro mine 
Specimen C-144

Peacock and Berry 
(1947)

Berry and 
Thompson (1962)

1

5

2

2

4

6

1

1

1

*

4

1H

1KB

la

1

1/2

1/2

V>a)

2.8615

2.776

2.675

2.521

2.414

2.392

2.341

2.312

2,253

2.1965

2.142

2.1175

2.094

2.049

2.025

1.987

1.9105

I

3

1/2

5

6

4

2

2

V2

2

1

3

1/2

1

  (obs)

2.37

2.76

2.69

2.52

2.42

2.33

2.20

/
2.14

(

2.10

2.06

(
2.02

1

1.971

1.923J
[

hkil

(4044 
14150

1123

(3146 
13254

(4046 
13360

4262

2243

4043

2*1.3*10
4370
6062

f 4372
< 3253
I 4266

J5272 
14158

5166
4374

2.2.4,10

C 5274 
( 6172

4.0.4.10
3363

1.1.2.12

4(c.ic» X 4<pl»]

2 3\Q4i 
*WW jj A <JQ

2.850 * *'**

2.771 1/2 2.77

2.677 c 2 70 
2.677

2.523 , , -, 
2.513 * 2 '53

2.417 4 2.42

2.337

2.201 2 2.21

2.147 (
2.147 1/2 2.15
2.141 I

2*113
2.113 2 2.11
2.097

2.060 
2.059 * *'°7

2.020
2.020 3 2.02 <
2.015 (

ills l/a 1 -977
1.925 
1.921 1 1.933
1.921

f WtU %41C)

(4044 2.37 
( 4150 2.36

1123 2.78

(3146 2.66 
! 3254 2.63

{4046 2.53 
1 3360 2.52

4262 2.42

4043 2.205

2.1.340 2,151
4370 2.151
6062 2.145

( 4372 2*117
{ 3253 2.117
( 4266 2.101

(5272 2.064 
1 4153 2.063

r 5166 2.024
4374 2.024

2.2.4.10 2.019

( 5274 1.977 
Ul72 1.963

AO.A.10 1.929 
3363 1.925

1.1.2.12 1.925
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Table X7III (continued)

San Ganaro niao 
Specimen C-144

Peacock and Berry 
(1947)

Berry and 
Thompson (1962)

1 ^(obs)

3 1.388

1/2 1.861

1/2 1.845

1/2 1.7395

1/2H 1.742

1 1.701

1/2 1.658

1/2 1.623

1/2 1.595

1/2 1.549

1H 1.5125

1/2 1.4805

1 4(obs) «*«

4376
6 1.886 6174

4430

1/2 1.354 5276

6282
1 1.785 5384

6176

4378
1 1.738 30.4.12

6284

4486
3 1.702 0.0.004

4.0.4.12

3.2.5.12
2 1.654 6178

5492

1 1.616 8082

4.3.7.10

2 1.590 £g

7186

2.2.4.14
1 1.549 6288

4.2.602

5.1.6.12

4 1 512 81t2 * AOA* 8086
4.0.4.14

1 i.484 0.0.0.16

1/2 1.459

2 1.431

4<calc) »

1.839
1.889 6
1.865

1.851 1/2

1.791
1.780 1
1.780

1.742
1.742 1
1.733

1.703
1.703 3
1.697

1.656
1.656 2
1.656

1.617 1

1.595
1.593 - 
1.586 *
1.586

1.552
1.548 1
1.548

1.516
1.516 A 
1.510 *
1.510

1.490 1

1/2

2

%»>

1.892

1.859

1.791

1.743

1.707

1.658

1.621

1.595

1.554

1.517

1.488

1.463

1.435

hkil

4376
6174
4480

5276

6282
5384
6176

4378
11.4.12
6234

4486
Q.0.0.14
4.04.12

3.2.5O2
6178
5492

8032

4.3J.10
4488 
6394
7186

2.2 A1A
6288

4.2.602

50.6.12
8192
8086

4-°AlA

0.0.0.16

  (calc)

1.893
1.893
1.889

1.855

1.795
1.784
1.784

1.745
1.745
1.736

1.706
1.706
1.700

1.659
1.659
1.659

1.620

1.598
1.596 
1.589
1.589

1.555
1.551
1.551

1.519
1.519 
1.513
1.513

1.493
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Tabia XVIII (continued)

San Genaro nina Peacock and Berry Berry and 
Specissm C-144 (1947) Thotapson (1962)

1 ^(obs) X

1
1

1/2

1

1/2

1/2

1/2

1

1

1

*~(oba)

1.359

1.533

1.224

1.203

1.179

1.169

1.153

1.127

1.091

1.C69

hkil d I ~"(calc)

1

1

1/2

1

1/2

1/2

1/2

1

1

1

d hkil d 
""(ob«) ""(calc)

1.363

1.342

1.223

1.212

1.132

1.173

1.157

1.130

1.094

1.072

H * Hazy or diffuse bend 

? * Poasiblo faint lino
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Pyrargyrite

X-ray diffraction data of pyrargyrita from San Ganaro show the 

<i-spacinss to be slightly, yet consistently, lover than the values given 

by Berry and Thompson (1962), probably because of the presence of arsenic. 

Tha X-ray diffraction patterns of tha Castrovirreyna material are taore 

coop lets than those of Berry and Thompson, not only resolving many 

doublets, but also revealing many more lines, especially in the back re* 

flection region. Spectrographic analysis indicates that the Castrovirreyna 

pyrargyrite is quite pure except for 1 to 2 percent arsenic (see Table XXXIX)*

Tabla XIX: X-ray powder diffraction pattern of pyrargyrita

San Genaro mina 
Specimen C-143

Berry and 
Thorapeon (1962)

* 4<obs)

I 4.14

1 3.945

6 3.33

6 3.21

6 3.17

10 2.776

1/2H 2.751

7 2.564

7 2.5355

2 2.2615

2 2.1225

1H 2.0375

I

1

5

8

10

5

5

1

1

1/2

4ot»)

4.00

3.35

3.21

2.79

2.58

2.54

2.26

2.13

2.09

hkil

0112

2131

3030

1232

1123

1341

3142

( 1014 
I 3251

( 4150 
1 1450

i<calc)

3.97

3.34

3.19

2.79

2.53

2.54

2.27

2.U 
2.13

2.09 
2.09

1/2 1.997
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Table XIX (continued)

San Genaro ainc 
Specic&n C~143

Berry and 
Thompson (1962)

I

1/2

3

1

1/2 
3

2H

1/2

1/2

2H

1/2

?

2H

?

t

2H

1

1H

1

1/211

1/2

1

1/2

l(obs)

1.955

1.361

1.S345

1.768 
1.743

1.6S05

1.6633

1.603 

1.594

1.563

1.549

1.530

1.5125

1.480

1.452

1.4005

1.390

1.3S05

1.3505

1.267

1.2105

1.152

I d(obs) hkil

2 1.965 2352

2 1.370 2134

1/2 1.545 3360

1 1.755 5052

l 1 &  5l§1 
1 *-6°9 1344

1/2 1.675 4262

4044

1562 
1/2 1.600 6060 

0660

1/2 1 537 52^° 1/4 1..3J/ 2570

i(calc)

1.963

1.S71

1.844

1.755

1.683 
1.687

1.672

1.614

1.601 
1.597 
1.597

1.534 
1.534
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XIX (continued)

San Gcnaro siine Barry and 
Specinsn C-143 Utot^Km (1962)

1 1.179

1/2 1.157

?H 1.123

1/2 1.066

7 1.050

1/2 1.0425

? 0.897

? 0.320

? 0.315

II * Hazy or diffuse line 

? * Possible faint line
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Senseyite

X-ray diffraction data for semseyite from Caudalosa agree closely 

with the measured values given by Berry and Thompson (1962) and even 

better with data of Nuffield and Peacock (1945). The author's data 

coincide better with calculated values given by others, when careful 

measurement is made of the limits of the hazy bands that comprise most 

of the diffraction pattern. Spectregraphic analysis indicates that the 

notable impurities are arsenic and silver, which apparently have not 

affected the cell dimensions (see Table XXXIII).

Table XX: X-ray powder diffraction pattern of semseyJte

Caudalosa mine Huffield and Peacock Berry and 
Specimen C-70 (1945) Thompson (1962)

X

1/2

1/2

1/2

2

7HB

2H

3H

4

4(obs)

6.565

5.43

4.50

4.21

3.87
3.81

3.72

3.56

3.355

I

1/2

1/2

1/2

1/2

5

1/2

2

8

4<obs)

6.59

5.46

4,56

4.20

3.84

3.75

3.59

3.37

hkl

220

113

f 114
1115

(221 
223 

I 024

{314 
i 130

( 131 
i 132

f 315 
1 225

/JM 
1 117

  <calc)

6.55

5.40

4.54 
4.52

4.21
4.20 
4.20

3.86 
3.82

3,73 
3.72

3.58 
3.57

3.36 
3.36

X

1/2

1/2

1/2

5

1/2

2

8

^(obs)

6.61

5.47

4.58

4.21

3.85

3.75

3.59

3.38

hkl

200

113

(114 
1115

(221 
223 

< 024

(314 
I 130

1132

1225

{ 116
Ul7

  (calc)

6.56

5.41

4.54 
4.53

4.22 
4.21 
4.21

3.87 
3.83

3.73 
3.73

3.59
3.53

3.33 
3.37
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Tablo XX (continued)

Caudaloaa nine 
Specimen C-70

Uuffield and Peacock 
(1945)

Berry and 
Thorapson (1962)

* Kob.) I <kob9> «4 Kcalc) * *<*.)  " d***

T3.29 ^026 3.29
316 3.29

IOB 4 10 3.26 < 400 3.27 10 3.27 
226 3.25 

1 3.24 I 404 3.23

1H 3.02 /040 3.00 
( 331 2.99 /

/2.9S5 118 2.97
9 2.97 { 041 2.97 9 2.98 < 

5B ) 225 2.97
117 2.97
227 2.96

12.935 \QC8 2.95

^2.3755 /420 2.37

4B 4 2.S6 I lH I'H 4 2.87 <

12.843 (133 2!86

(
2.7715 f425 2.77 

1 2.77 < 421 2.77 1 2.78 
( 31B 2.75
f 226 2.70 

2.6905 4 2 * 70 I 228 2.69 4 2 ' 71

/243 2.49

2H 2.446 I a.48 < |J* 2 '4J I 2,49

I 229 2^46

/ 424 2.37
244 2.37

1/2 2.37 < 246 2.37 1/2 2.38
423 2.36

0.0.10 2.36

/2.2.10 2.26
602 2.26
604 2.26
513 2.26 

3 2.246 3 2.25< 245 2.25 3 2.25
139 2.25
513 2.25 
342 2.25

V. 247 2.25

(400 3.28 
) 226 3.26 
1404 3.24

^041 2.98 
117 2.98 
113 2.97

225 2.97

227 2.96
008 2.95

' 420 2.88
424 2.87 

) 331 2.87
I 135 2.86

/ 421 2.73 
} 425 2.77

( 266 2.71 
1 228 2.70

/243 2.49

\ 227 2.47
1 5 16 2.47
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Table XX (continued)

Caudalosa mine 
Specimen C-70

Nuffield and Peacock 
(1945)

Berry and 
Thompson (1962)

l(obs) hkl hkl l(calc)

3 2.2215

4H 2.1515

1H 1.8005

1/2

1H 2.0515

1/211 2.0015 1/2

1/2 1.963 1/2

3H 1.918

1/2 1.883 1/2

1H 1.8555

2.15

2.11

2.05 ,

1

/
2.00 <

1

1.975

1.916

1.897

1.858

/441
445:r*J

< 155A «M^«*

514
I 313

( J51
) 623
] 622
( 043

f 532
636 

2.0.10
2.0.12

060
ia.li
1.1.12

/156
157 

) 049
(062

/ 714
261

L 333
15.1.11

(357 
\248

( 262
) 264
(o.4ao
/ 711

1.802

2.2.11
321
322
339

_ 158
2.2.13

^ 159

2.16
2.16
2.15
2.15
2.15

2.12
2.12
2.11
2.10

2.07
2.05 
2.95
2.04

2.00
2.00
2.00

1.980
1.979 
1.973
1.970

1.917
1.917 
1.916
1.914

1.899 
1.397

1.863
1.862
1.854

1.805
1.804
1.804
1.803
1.801
1.799
1.799
1.793

2.16

1/2 2.01

l '9ZZ

1 1.863

, x ' 807
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Table XX (continued)

C&udalosa aizva
Specimen C-70

HuffiaId and Peacock 
(1945)

Berry and 
Thompson (1962)

' -Cob.)

1 1.7715

1/2H 1.725

1/2H 1.6B65

1/2 1.4775

1/2 1.344

1/2 1.279

1/2 1.263

1/2 1.21

1/2 1.655

X

1/2

1

1

1

1/2

1/2

1/2

1/2

1/2

1/2

~(obs) "**   (calc)

1

1

1

1

1

1

1

1

1

1

.763

.720

.637

.473

.337

.230

.260

.234

.211

.179

(555 
I 646

C 267
(3.1.14

f 737
2.4.10

642
3.3.13

172 
171

2.4.12
643

2.2.12
vO.0.14

1 
1

1 
1

1
1
1
1

.776 

.761

.722 

.721

.691

.691

.691

.691

.690 

.690

.633

.637

.635

.685

Z

1/2

1

1

1

1/2

1/2

1/2

1/2

1/2

in

M»

1

1

1

1

1

1

1

1

1

1

«   « j

(obs) hkl l(calc>

.763

.725

.692

.432

.341

.284

.264

.237

.215

.132

H * Hazy or diffuse lina

B *> Broad band, single aeasurenant taken in aiddla 
double maasurcracnt taken on edges.
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Zinkenita

Measureaenta of X-ray powder diffraction photogra^s of zinkenite 

from Ceudalosa agree in general with tha observations of tfuffield (1946) 

and Berry and Thoopsoa (1962), coinciding battar with choir calculated 

values than with the observed ones. Oiffractioa patterns of tha Caudalosa 

material showed 13 lines not previously reported.

Copper and silver are the principal fcapurltiea found by spectrographic 

analysis (see Table XXXVII).

table XXI: X-ray powdar diffraction pattern of zinkenite

Caudalosa mine Nuffleld (1946) Berry and 
Specimen C-33 Thompson (1962)

X

1/2H

1H

2

V2

1/2

1

2

4

2

3

7

10

6

1H

*(obs)

10.99 

10.4

7.195

5.505

5.275

4.77

4.36

4.12

3.91

3.705

3.555

3.45

3.41

3.33

3.19

T A M* 4 \ *1 T A

1/2 5.49 4480 5.51 1/2 5.50

1/2 4.79 0830 4.77 1/2 4.80

4.41 4.6. To. 0 4.37 1/2 4.42

1 3.94 0442 3.92 1 3.95

i 3.55 0662 3.56 3.56

10 3.44 2.10.12.0 3.43 3.45

I 3.36 4482 3.39 3.36

tell i(calc)

44SO 5.52

0330 4.78

4.6.10.0 4.39

0442 3.93

0662 3.57

2.10.12.0 3.43

4432 3.40
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Table XXI (continued)

Caudalos* nine 
Specimen C-33

Suffiald (1946) Berry «nd 
Thoopaon (1962)

1

2

4

4

1/2

7

5

1

1/2B

2

2

3

5

5

1
3

3

4

6

4(obs)

3.13

2.98

2.905

2.792

2.7595

2.6325

2.5425

2.4075

2.301

2.253

2.149

2.125

2.033 
2.051

1.9795

1.8735

1.8205

I

1

2

1/2

4

1/2

1/2

1

1/2

1

1

2

2

3

1

3

f 1_

3.07

3.01

2.90

2.80

2.69

2.54

2.41

2.30

2.25

2.15

2.13

2.06

l.9a<

o u

f4. 6 
14.10

2. 3

2.12

6. 6

2.10

fo.ia
6. 3

12.14

{2.12 
16.12

{0.14 
16.10

/4.12 
12.16

kit

.10.2 

.14.0

.10.2

.14.0

.12.2

.12.2

.12.2 

.14.2 

.16.0

.14.2 

.13.0

.14.2 

.16.2

.16.2 

.18.0

f 0004 
16. 14.20.0

T8.10
lo.ia

14.16 
U.14

} P'l2

»-8»K
1.823 2.10

.18.2 

.13.0

.20.0 

.13.2

.18.2

.22.0

.20.2 

.10.4

.12.4

%alc

3.07 
3.06

2.99

2.91

2.79

2.63

2.56 
2.53 
2.53

2.41
2.40

2.30 
2.30

2.25 
2.23

2.15 
2.15

2.12 
2.12

2.03 
2.05

1.982 
1.978

1.874 
1.873

1.823

) *

I

2

1/2

4

1/2

1/2

1

1/2

1

1

2

2

3

1

3

d hkil dy

3.08

3.02

2.91

2.81

2.70

2.54

2.42

2.30

2.25

2.16

2.13

2.06

1.985

1.861

1.828

14. 6 
U.10

2. 3

2.12

6. 6

2.10

.10.2 

.14.0

.15.2

.14.0

O2.2

.12.2

(0. 12.12.2 
/6. 8.14.2 
(2.14.16.0

{2.12 
16.12

{0.14
16.10

{4.12 
12.16

.14.2 

.16.0

!l6.2

.16.2 

.18.0

{ 0004 
16.14.20.0

{8.10
(0.13

(4.16 
J4.14

C2.16 
18.14

T4.16 
(0.10

2.10

.13.2 

.18.0

.fo.o

.18.2

.18.2 

.22.0

.20.2 

.10.4

.12.4

3.07 
3.06

3.00

2.91

2.80

2.63

2.56 
2.54 
2.53

2.41 
2.41

2.31 
2.31

2.26 
2.24

2.15 
2.15

2.13 
2.12

2.09 
2.05

1.986 
1.932

1.873 
1.877

1.827
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Table (continued)

Caudaloaa mine 
Specimen C-33

IJufflclJ (1946) Berry and 
Thompson (1962)

I

10H

2

2H

1/2

1/211

1

1/2

3

IB

IB

IB

1/2

3H

1

IB

1/2

1/2

1/2

^(obs)

1.770

1.716

1.6555

1.573

1.521

1.499

1.4765

1.457

1.440

1.4115

1.390

1.369

1.340

1.313

1.2935

1.1825

1.292

1.142

I

1

1/2

1

1/2

1/2

1

i/a
1/2

i
1/2

1

1/2

1/2

1/2

4(obe)

1.763

1.711

1.687

1.654

1.579

1.519

1.459

1.445

1.408

1.389

1.366

1.340

1.313

1.292

1.143

t hkil

(6.16.22.2
16.18.24.0

4.20.24.0

(12.12.24.2 
) 0.14.14.4 
( 6.10.16.4

(2.22.24.0
(8.18.26.0

(4.14.18.4 
4.22.26.0 

(12.14.26.2

t\ T 
   \CfllC /

1,766 , 
1.764 wa

1.713 1

1.688
1.6S8 1/2
1.688

1.654 t 
1.654 *

1.580 
1.575 1/2 
1.575

1/2

1

1

1/2

1

1/2

1

1/2

1/2

1/2

<(<**)

1.768

1.716

1.692

1.658

1.583

1.523

1.463

1.449

1.412

1.393

1.370

1.344

1.316

1.296

1.147

hkil

( 6.16.22.2 
(6.18.24.0

4.20.24.0

(12.12.24.2 
{ 0.14.14.4 
( 6.10.16.4

(2.22.24.0 
18.18.26.0

( 4.14.18.4 
\ 4.22.26.0 
1 12. 14. 26. 2

^4cAlc]

1.770 
1.768

1.716

1.691 
1.691 
1.691

1.657 
1.657

1.583
1.578 
1.578
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Table XXI (continued)

Gauds loaa mine Huffield (1946) Berry and 
Spec loan C-33 Thompson (1962)

hicil

2B 1.123 1/2 1.123 1/2 1.126

1/2 1.0675 1/2 1.066 1/2 1.069

1 1.0225 1/2 1.023 1/2 1.031

H * Easy or diffuse line 

? * Possible faint lisa



Spactrographle Analyses



- 246 -

Table XXII: Spectrorraphlc analysis of arasaayoite 

Major constituents ( > lot) Agf Sb 

Minor constituent a (0.1-102) Si 

Traces ( < 0.11) Fa, Cu 

Locality: A level, San Julian vain, Son Gonaro oine 

Specimen: C-223

Tablo XXXIX: SX3ctrograhtc analyses of bournonlte

Orer 10%

3 to 30%

I to 10%

0.3 to 3%

0.1 to 11

0*03 to 0.31

0.01 to O.U

Traces

I-

Pb

Cu, Sb

Ag, As

Zn

Si*, Fe, Bi

Jig*, Jto

a.
Pb

Cu,

Ag,

Si*

Fe

Zn

Hn,

Al*

Sb

As

Cd, 1

. Kg*

* - Posaibly due to

X* Caudalosa vein, Porapeyo leval, Caudalosa mine

{ peeioen C-2S3)
^ 
2. Cimdalooa vein, 570 level, Caudalosa niioa

(speciocn C-173)
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Table XXIV: Spectrosraghic analyala of chalcoatlbita 

Major conatituenta ( > 10%) Cu, Sb 

Minor coast ituenta (0.1-10%) Fa 

Trace. < < 0.12) Ag. Si, Hg 

Locality. 610 loveI, Caudaloaa vota, Caudalosa mina 

Speoinen: C-30

Tabla XXV: Analyse3 of enargita

i- a*
S 32.42 Over 102 Cu

Cu 46.53 3 to 301 As

^ 19-03 1 to 10% Sb

100.03 0.3 to 3% Ag

0.1 to 1% H$

0.03 to 0.3% Sn, Si*

0.01 to 0.1% MB, F«

Trace* El, In, Al*, Mg* f Ca*

* * Poaalbly due to iiapurities

1. Chemical analysis of enargite froa Caudaloaa mine, 

Stevanovifi (1903).

2. Spoctrographic analysia of enargite from 610 level, Caudalosa 

vein, Caudalosa min£ (speciiaan C-122).
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Table KXVI: Analyses of fanatintto.

I- 1-

S 31.01 Over 10Z Cu

Sb 12.74 3 to 30% Sb 

A* 9.09 1 to 1GZ Aa 

Cu 43.43 0.3 to 3* Ag» Hg 

Fe 0.67 0.1 to 12 Sn 

Hesid. 0.65 0.03 to 0.3* Tl, Si* 

99.59 0.01 to 0.1% Fc

Traces Bi, In, Mo, &&

Al*, Ca*. Mg* 

* * Possibly due to tnpuritles

1. Average of two chemical enalyaea of fsoatinita froa Caudalosa 

nine, StevanoviC (1903).

2. Spectrographic analyaia of ffimatinita from 610 level of Caudalosa 

vain, Caudalosa mina (spcctnica C-122).

Table XXVII: Spectrographic analyaia of forrous aulfata (pogenitc) 

Hajor constituents: Fe 

Minor conatituenta: Cu, Ag 

Tracaa : Kg, Si

Locality * 640 level, San Pcdro vein, Caudaloea 

SpeclcKsn : C-90A 

Occurrence; Deesication product of mclrmtartta.
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Tabla XXVIII: Spectrographic analysis of salena

1 2 3 U I7a I7b 18 21 22 23 27 23 

Boron -«er--tr-»**tr* 

Silicon .01 .05 .06 .06 .01 .16 .06 .03 .12 .12 .12 .12 

Aluminum tr tr .004 tr tr tr .002 .002 tr .006 .006 .002 

Hagnesiua tr tr - tr tr tr - tr tr - tr* 

Calciuss .04 .04 .04 .04 .02 .02 .04 .04 .04 .04 .04 .04 

Iron .015 .015 .015 .010 .007 .015 .010 .015 .015 .030 .040 .010 

Manganese tr tr .01 tr tr tr tr tr tr tr tr tr 

Zinc tr tr tr tr tr tr tr tr .20 .40 .07 tr

lead SO 30 30 30 30 20 30 30 30 30 30 30

Capper tr tr .01 tr .01 .05 .08 .01 tr .10 .01 tr

Silver .01 .10 .01 .10 .10 .01 .01 .01 .10 .01 .01 .01

Bismuth tr tr tr tr tr tr tr tr tr tr tr tr?

Antimony .02 .24 .02 .02 .24 ,10 .40 .08 .40 .24 .24 .01

Arsenic ~  --   «» tr»trtr»

Xndiua - - tr? tr? * * « » tr? »   tr?

Elesxmts looked for but not found: alkalies, Be, Sr, Ba, Ti, ?, Cr, Co, Sti, 
An, Hg, Sn, T«, Zr, Hf, Sb, Ta, Mo» W, le» Pt, Sc, Y, Th, U, Ft Ga, Ge> Tl.

localities

1. Caldera vein, Caldera level, Lira nine, specimen C-143
2. lira vein, Gaidar a level, lira mine, specimen C-220
5. Kata Caballo vein, 430 leval, Sta. Teroaita mine, specimen C-IS7

14. Caudalo&a vein, 570 level, Caudaloca aine, specimen C-217
17a. San Pedro vein, 610 level, Caudalooa mine, specitaen C-90 coarse grained
I7b, San Pedro vein, 610 level, Caudaloao aine, specimen C-90 fine-grainod
la. San Pedro voin, 610 level, CauJalosd nine, specimen C-241
21. No. 1 vein, 5i!0 level, Kodona sine, spcclncn C-130
22. San Julian North vein, A level, San Gcnaro mine, specimen C-233
23. San Julian vein, A level, San Genaro taino, sp«cin»an C-25
^7. Quoapisiaa vein, 35 level, San Gcnaro mine, speciioon C-24
2a. Bclla-Aranzazu vein, Dunp, R4pida mine, specimen C-22&



Haasive

Pb

Sb

Aa

Si*, Ag

Sooty

Pb

Sb

As

Si*, AS

- 250 - 

Table XXIX: Spectrosraphic analyses of geocronita

Over 10%

3 to 30%

1 to 101

0.3 to 31

0.1 to II

0.03 to 0.3% Cu, Fa

0.01 to 0.1% Zn t Fa Hn, tl

Traces Al*, Mg*, Biv Al*, Kg*, Cd,

Cu, Sn, Tl Sn, Bi 

*   Possibly due to Impurities

Locality: 570 level, Caudaloee vein, Caudalosa nine 

Specimen: C-101

table XXX: Spectroi>raphic analyaia of

Over 10% Ag, Sb

3 to 30%

1 to 10%

0.3 to 3%

0.1 to 1% Hg, Fb9 Aa

0.03 to 0.3% Zn

0.01 to 0.1% Si*, Cu

Traces Al*f Hg*t Fa 

* * Posaibly due to tnpuricicg

Locality: San Ccnaro level, San Julian vein, San Ccnaro mine 

Speciaan: C-144
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Tabla XXXI: Analyses of polybaalta.

!  ! 

Ag 67.95 Over 10Z AS

Cu 6.07 3 to 301 Sb

Sb 5.15 1 to 10%

Aa 3.33 0.3 to 3% Cu, Fa, Aa

S 16.37 0.1 to II Pb

****<** 0*76 0.03 to 0.31 Zn, Si* 

100.13 0.01 to O.U

Tracea Bi, Mg*

* . Feasibly due to impurities

1. Analyaia of polybasita froa "Quiapeaisa vein1' (San Genaro), 

Caatrovirreyna, BtSdlandar (1895).

2. Spectrographic analysis of polyboaite from San Julian vein, 

San Genaro aino (apecioen C-144).
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Table XXXII: Spectrographic analyse*3 of pyrargyriee froa the San 

Cenaro mina

I- !  ! 
Over 10%

3 to 30% Ag, Sb Ag, Sb Ag, Sb 

1 to 10% As 

0.3 to 31 

0.1 to II

0.03 to 0.3% Cu Cu Cu, Si, Mg* 

0.01 to 0.1% Si*. Al* 31*, Fe, Pb 

Traces Mg*, Jfn, Al*, Mg*, Bi 

Fe, Bi

* * Possibly due to impurities

1. Hiiagro vein, Nino Jeads level, San Genaro sine (epecinen C-1A3)

2. San Julian vein, A level, San Genaro oina (specimen C-14A)

3* San Julian north vein, B level, San Cenaro mine (specimen C-225)

Table XXXIII: Sixactro^raphic analysis of 8<aaseyite 

Over 10% Pb 

3 to 30% Sb 

1 to 10%

0.3 to 3% Ag, As 

0.1 to 1% 

0.03 to 0.3%

0.01 to 0.1% Si*, Pe 

Traces Al*, Ha*, Mg*, Cu, Sn (?), Bi

* * Possibly duo to impurities

Locality! 610 level, Caudalosa vain, Cmiclalosa mlna 

C-70
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Table XXXIV: Spectrographic analya^e of sphalerite nn

I 4 5 6 8 9 10 11 14 17 18* 18b 19 21 22 23 26 27 28
*

..i«fcnn».-  ..   »  .»nni«.anii-»»i.i»«»»ia«.|i|., ,.**.-,*,<  » * ..,., ». .^. ....... ,,,,,.,.  . - -. .  n , ,  .-  n- L - -,-,m ir L . . j.. -\ . nir~  .  --. ..r. ,-j ..-.-,_ -Tr-r-jrjiuiim^,rr- TT ., wi _T--. JJB. J_L _  .j.,.:HIM .  . .,-- . ...i. 11 IT,- - r-j -...,....1.. _._r> -.,r.. M --in .-JT ........ .....I IIL...^-.^J^-J.- - --m-,,ni ..TII-.Ji-.jL-iiimiuip BTL j_n j_i »__n«i  L^rir-i. T ..jiLJ.jn.-

Boron - - - - - tr - tr -_-.---.- -   tr

Silicon .06 .03 ,06 .12 .03 ,008 .2 .4 .01 .02 .03 .03 .06 .01 .7 .03 ,12 .03 .70

Aluminum .03 - .002 tr tr - tr .004 tr tr tr - tr ,004

Magnesium tr tr ,03 tr tr .01 - tr tr tr tr tr tr - tr tr tr tr .03

Culciuta- .02 tr .04 tr tr - tr .02 tr tr .03 .05 .02 tr tr tr tr tr ,04

Barium **  * - -    «.« «   «. . . * w ,03 - - - < 

Iron .03 .88 .10 ,015 .08 .01 .69 .006 .57 .86 .015 .15 .03 .76 .03 .23 ,70 .40 ,15

~Mangan«ae .002 ,014 .05 .011 tr .002 .008 .02 .004 .004 .007 tr .007 .002 tr .008 .018 .006 .05

Zinc >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30

Cadmium .02 .02 .09 .02 .23 .8 .35 .20 .21 .024 .01 .02 .02 .14 .02 .17 .13 .04 ,30

Lead tr - - .01 ,03 .90 - .03 tr .06 - - .30

Copper .002 .002 .01 .005 .003 .01 .35 .20 .001 .05 ,05 .005 .005 .002 .25 tr .002 .001 .01

Gold ...... .002 ------------

Silver tr - tr >.01 tr X01 >.01 >,01 tr tr >,01 tr >,01 tr >.01 tr tr tr tr

Bl smith

Mercury 

Tin

Antiraony

,08 * - - tr - tr -

.08 - tr .24 - .16 ,07 tr

. - - - - - - .004 -

tr ,015 ,04

.

.24 .08 .16 .08 tr .16

.004 - - - - ~ -

.015 .15 tr -

*

tr .05 tr

. -

tt

Araenic - - - - - - -.30

Gallium - - tr .03 - .025 .03 .01 - .01 ,02 .005 .02 .005 .005

Germanium - * - .002 .02 .004 .002 .002 - tr .002 - .003

Indium .006 .02 - .01 - .01 .006 .025 - .37 .010 .025 .006 tr - tr

Elements looked foir but not found: allwili«58, B«, Sr, Ba, Ti, V, Cr, Co, Ml, T«, Zr, Hf, Nb, In, Mo, W, R«,

Pt, Sc, Y, Th, U, B, P, Tl.

1.
4.
5.
6.
a.
9,

10.
11.
14.
17.
18a.
18b.
19.
21.
22.
23.
26.
27.
28.

Caldera vain,
Lira vein,
Mata Caballo vein,
Caudaloon vein,

it it
it ti
it ii
it *i
n it

San P®dro vein,
ti it it
tt it n
It M It

Entrada vain,
San Julian Norte v*ln,
San Julian vein,

II It M

Quaapiai»« vain,
Balla-ArnttKazm vain,

Cflldara 10vol,
ti tt

480 l«vel,
San Falix leval,
610 iflval,

M H

ii n

570 l«vcl,
M n

610 level,
n it
" "
n ti

580 level,
A Ictval,
San G«snaro lavel,

*i n | it

35 level.
Dump,

Loe.111;!..

Lira min«,
M »l

Sta. T*ra»ita min«,
Caudalosa mina,

»i n
it M
n t«
H O

tt II

II tt

M II

H If

II It

Eadoria mina,
San Ganaro mine ,

n if n
n M «i
n tt u

Rjtpida mine,

apaciroan
it
n
n
M

"

It

tl

It

M

It

ft

II

tt

It

fl

It

It

II

C-145
C-235
C-187
C-107
C-30
C-219
C-173
C-225
C-217
C-90
C-241,
C-241,
C-240
C-180
C-283
C-25
C-28
C-24
C-226

flno grainad
co«r«* -grained
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Table XXXV: Spectrographic analysis of atibnita

Over 101 Sb

3 to 30*

1 to IOZ

0.3 to 3£ Zn, Aa

0*1 to 1% Pb

0.03 to 0.3&

0.01 to 0.1% Si*, Al*, MS*, Fe f Cu» Bi

Traces Mn 

*   Posolbly due to Imparities

Locality: 570 level, Caudaloaa vein, Caudaloaa aiina 

Spec inert: C-15Q
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Table XXXVI: ^ESS^Jif^ ^S^12llS^£JL&2. \
* ' *

1 3 5 7 12 13 15 16 17 18 ' i 20 21 22 23 24 25

Boron tr

Silicon .12 .032 .06 .2 .024 .20 .06 .03 .016 .04 .12 .06 .12 .40 .30

Aluminum * - tr tr tr - tr .02 tr - tr tr tr .01 .04 tr

MagnaKiuoi tr - IK - tr tr ,005 tr tr tr tr tr tr tr

Calcium tr .03 tr tr .005 tr - * - - tr - - - - tr w
_____,_______________,_____v___.,______________________________________________ __ __ on

Iron .2 .7 ,26 .4 4.0 .45 .007 .54 1.5 .4 .225 .006 .4 .4 .54 .11 T

Manganese .025 .40 .40 .003 .04 .2 ,007 .006 .002 .007 .4 .025 .001 ,002 »4 ,002

Zinc - .9 2.5 2.5 .9 1.2 .1 1.0 1.2 2.5 1.0 2.5 2.5 2.5 1.2

.03 .05 .3 .03 .01 .02 .1 .05 .01 .1 .1 ,05 .02 ,1

.05 ,02 .04 ,45 .2 1.2

10 10 10 10 10 10 10 10 10 10

Silver .1 1.0 1.0 1.0 1.0 1.0 .01 1.0 .1 1.0 .1 1.0 1.0 1.0 1,0 1.0

Bismuth - - tr - ,15 1.0 .3 tr .8 3,0 .5 .02 tr tr tr .5 .03

Marcury tr - - .90 - .5 - - .15 1.0 .7 ,5 .7 ,6 .6

Antimony 10 10 10 10 6.5 10 10 10 10 5 10 10 10 10 10

Molybdenum tr * - tr - tr .004 .002 - - - - - - tr

Indium tr - .005 .02 .025 .01 - - .025 .02 .005 tr

Thallium - - - - - - -.16

Elements looked for but not found: alkalies: Be, Sr, B«, Ti, V, Cr» Co, Ni, Au, Te, Zr, Hf, Nb, Ta, W,

Ft, Sc, Y, 111, U, B, F, Ga, Oft.

Localities
.  WwaHnnnB ,».,nx,! rt,,*n*,*»<*L*K-*i

1, Caldera vein, Caldera level, Lira wine, »p«ciraen C-445
3, Lira vein, " " " " " C-149
5, Kata Caballo vein, 4BO l«vel, Sta. Tera«ita wine, " C-1U7
7. Caudaloaa vein, Pompeyo luvel, Caudaloaa udnu, " C-37

12. " " 570'level, " " " C-219
13. " " 530 level, " " " C-230
15. " M 570 level, " " " C-160
16. San Pedro vein, 640 Isvcl " " " C-108
17. " " " 610 level " " " C«90
18. " " " " " " " " C-241
20. Bonanza vein, Dump Bonanza mine, " C-117B
21. Entrada vein, 580 level, Madona mine, " C-160
22. San Julian Norte vein, A level, San Genaro mln«, " C-283
23. San Julian vein, S«u Genaro level, " " " " C-25
24. u " " " " " " " " M C-191
25 " " " " " " " " " " C«»190
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Table XXXVIIi Spectrographtc analysis of sinkanita

Major conatituenta ( > 10X) ?b, Sb

Minor constituents (0.1-101) Si, Cu, Ag

Traces ( < 0.11)

Locality: 570 level* Caudalosa vein, Caudaloaa mine

Specimeni C-33
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